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The Structure and Development of the Nephridia 
of Arenicola cristata Stimpson. 

By 

Ralph S. Lillie. 

With Plates 22—25 and one Textfigure. 

1. IntroduiBtory. 

The nephridia of Aretiicola were first suggested to me as a sub- 
ject of anatomical and embryological investigation by Dr. C. 0. 
WiiiT^iAX, during the season of 1896 at the Marine Biological Labo- 
ratory of Wood's Hole. The work then begun was subsequently 
interrupted for a time; and the greater part of the work described 
in the following paper was completed during the years 1S98 — 1901, 
at the Marine Biological Laboratory and in the Hull Zoological 
Laboratory of the University of Chicago. 

I take pleasure in expressing my best thanks to Dr. Whitman 
for his continued interest and criticism. My thanks are also due to 
Dr. C. M. Child of the University of Chicago, for much helpful 
information, especially with reference to the early development; and 
to my brother. Professor F. R. Lillie of the same University for 
constant and valuable assistance. 

The nephridia of several species of the genus Arenicola have 
been at various times figured and briefly described in systematic or 
anatomical treatises; and in several instances have been made the 
subject of special investigation. Claparede (1868) and Fauvel (1899) 
have given brief descriptions of the nephridia of A. Grubii and 
A. ecaiulata respectively. The greater number of such studies have 
been made on A. marina\ investigations on the nephridia of this 
form have been made by Cosmovici (1880), Cunningham (1887), 
Benham(1891, 1893), Kyle (1896); and more recently bv C^^nvsvx.^ 
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AsHWORTii (1898, 1900), who in their two important papers on the 
anatomy and aftinities of the Arenicolidae have added materially to 
our knowledge of these organs. The second paper of these authors 
(1900) contains a comparative account of the anatomy, relations, 
and vascular supply of the nephridia of five species of the genus, 
viz: — A, marina Linn., A. cristata Stimpson, A. Claparedii Levinsen. 
A, Grvbii Claparede and A, ecavdata Johnston; the authors have 
also given a summary of our present knowledge of the anatomy 
and histology of the adult nephridia, and have added a brief account 
of the condition of the organs in earlier developmental stages, so 
far as this has as yet been ascertained. 

Our knowledge of the larval development of Arenicola has, howe- 
ver, until recently been too limited to admit of a detailed study of 
the mode of origin of the nephridia, and of the condition of these 
organs at different periods in the life-history. Beniiam (1893) and 
Gamble & Asiiwortii (1898, 1900) have contributed a few obser- 
vations on the nephridia of certain post-larval stages. Their obser- 
vations were made on relatively few specimens which in all cases 
were well-advanced in development. Accordingly, we have had w 
yet no detailed account of the origin, growth, and histological diflfe- 
rentiation of the nephridia in Armicola, One reason for this deficiency 
seems hitherto to have been the difficulty of obtaining the material 
lor such an investigation. In my own studies, however, instead of 
depending upon the slow and precarious methods of digging and 
tow-net collecting, I have found it more practicable to rear the 
larvae artificially; in this manner it has been found possible to 
secure all the material necessary for a detailed examination of the 
larval development from the early free-swimming period up to a 
stage at which the adult characteristics are essentially complete. 

The aim of the present study has been to complete so far as 
possible our knowledge of the origin and histological differentiation 
of the nephridia, and to determine to what extent the peculiarities 
of the adult nephridium gain an explanation through the conditions 
of larval development. The relations of the nephridia to the body- 
segmentation and to the septa, and the manner of development of 
the different portions of the organ — nephrostome, glandular portion 
and terminal vesicle (whether separately, or by differentiation from 
a single embryonic rudiment) — are matters that have received 
especial attention. There has also been added a brief account 
of the anatomy and histology of the adult nephridium, draw- 
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Lng especial attention to a few peculiarities that have hitherto 
apparently escaped observation. 



2. Teclmiqae. 

'' The adult nephridia are best prepared for histological study by 

' :fixing in Hermann's fluid for 15 to 30 minutes, and then trans- 
' ferring immediately to Merkel's fluid (Whitman's modification, with 
' equal parts \% chromic acid and 0.25^ platinic chloride), where they 
are allowed to remain for one to three hours. They are then washed 
in distilled water and transferred to alcohol as usual. The treat- 
ment with Merkel's fluid prevents excessive blackening; the fixation 
is apparently very faithful and the cilia are well preserved. The 
■ sections were mostly 7.5 /i in thickness. The reduced osmium may be 
still further removed from the sections by leaving the slides over 
night in a mixture of alcohol and hydrogen peroxide (usually com- 
posed of about one part commercial H2O2 to three parts strong al- 
cohol, mixed immediately before using). The tissues are by this 
treatment almost entirely freed of the osmium and left in a suitable 
condition for staining. The most satisfactory stain was found to be 
Heidenhain's iron haematoxylin, with a counter-stain of erythrosin. 
For study with oil-immersion objectives, the best mounting medium 
proved to be thickened cedar-oil (immersion oil). This medium har- 
dens slowly, but has the advantage of producing a perfectly homo- 
geneous and transparent lacquer of great permanence and of almost 
the same refractive index as that of the oil in which the lens is 
immersed. Very clear and sharp images are thus obtained with the 
highest powers. 

The larvae were fixed by a great variety of methods, of which 
only a few proved satisfactory. Treatment with 1 % osmic acid for 
2 to 5 minutes, followed by Merkel's fluid for 1 — 3 hours, gave 
fair preparations in many instances. The best fixative for general 
purposes proved to be Hermann's fluid (2 — 5 minutes), followed by 
Merkel's fluid (1 — 3 hours). In most instances, therefore, the lar- 
vae were fixed by the Hermann-Merkel method, and the sections 
(mostly 5 a in thickness) were stained chiefly with iron haematoxylin 
and erythrosin as above described, and mounted in cedar-oil. Very 
clear and sharply differentiated preparations were thus obtained. 
The tissues were remarkably well preserved, delicate structures 

Mittheilnngen a. d. Zool. Station zn Neapel. Bd. 17. T^ 
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sacli as cilia retaining, in favorable preparations, almost the nomu 
appearance. 

Young larvae of the swarming stage were best prepared b; 
fixation in Hermann's fluid for two minutes, followed by Merkel's flui 
for one hour. It is necessary to imbed such larvae as soon as possibl 
after fixation; otherwise the yolk becomes so brittle as to render 
practically impossible to secure unbroken sections. If imbedded an 
cut immediately after fixation, no such difficulty is experienced. 

The succeeding descriptions are based upon the examination ( 
a very large number of preparations, and all possibility of dece] 
tion arising from imperfect preparations, abnormalities of structure i 
individual larvae, or failure to observe critical stages , has, it 
hoped, been avoided. 

3. General account of the larval Development with Especiaf 
Reference to Segmental Structures. 

Arenicola mstoia, Stimpson, the species upon which the entii 
following study has been made, is found in several localities in tl 
neighborhood of Wood's Hole — most abundantly at North Fa 
mouth, where the extensive sand-flats furnish ideal conditions f 
its development. The animals are found burrowing at a depth of 
to 18 inches in the sand, which is deeply saturated with decayii 
organic matter; and in the. summer months are in nearly all ii 
stances well developed and of large size (6 — 12 inches in lengtt 
For the larval stages, it has proved necessary to rely upon m&terii 
reared in the laboratory, for it has been found impossible in aii 
other way to obtain the requisite quantity of young larvae. I ha^ 
frequently searched the sand with a lens in the hope of findii 
young Arenicolae, but always without success; the larvae, howeve 
lend themselves so readily to artificial rearing that no difficulty h 
been experienced in securing in this manner an abundance of spe< 
mens of all stages. 

The general characteristics of the adult A. cristata are sufficient 
known from the descriptions of Stimpson, Verrill, Gamble & As 
WORTH, and others. The young free-swimming larvae have be( 
briefly described by Wilson (Johns Hopkins Studies, 1883) and Chii 
(Z. Bull. Vol. 1, 1897). In the present paper I shall give merely 
short account of the general characteristics of the larval stage 
omitting details that do not immediately bear on the problems und 
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'Consideration. Child (1900) has given an accurate account of the 
early development within the egg-membrane. My own descriptions 
€tmll have reference to the metamorphosis and larval development 
^Up to a period at which most of the definitive external characte- 
ristics are complete. 

c Very little care is needed in order to preserve the larvae for 

CTveeks or even months in a healthy condition, and capable of 
^growth and development. The egg-strings are placed in clean sea- 
i^water in large, flat, well-lighted dishes covered by sheets of glass 
itto prevent excess of evaporation, and containing a few pieces of 
XI Viva for aeration. It is advisable to change the sea-water at inter- 
:vals of a week or ten days; otherwise the dishes require very little 
attention. The organic debris present, derived from minute Algae, 
particles of decaying TJlva^ and the bodies of dead larvae, seem to 
^furnish the larvae with sufficient food for the development of a 
fairly large proportion of their number. Under these conditions, 
larvae have been kept in the laboratory for periods of 14 to 15 
^ weeks, apparently in a perfectly healthy condition and exhibiting 
n all the normal activities. Development seems, however, to progress 
i more slowly than under the natural conditions, for the largest speci- 
:« mens reared never exceeded a length of 15 mm., although exhibiting 
. in other respects an almost perfect agreement with the adult in 
r appearance, anatomical structure, and behavior. The food-supply is 
in all probability insufficient for rapid growth; this is indicated by 
the fact that if kept in sea-water to which carmine powder has 
been added the larvae usually exhibit a greatly increased rate of 
growth, especially in the early stages. It would no doubt be pos- 
sible, by the employment of suitable methods of feeding, to rear 
them to more advanced stages than the above. 

The larvae leave the egg-strings in from two to three days after 
oviposition, in the form of slightly elongated maggot-like free-swim- 
ming organisms (about 0.3 muL in length), which exhibit a most 
pronounced positive phototaxis combined with negative geotaxis. As 
a result of these tendencies they swim rapidly to the light side of 
the dish and there gather in enormous numbers at the surface of 
the water. At this stage a larva possesses in addition to the peri- 
stomium (which is without setae), three setigerous trunk somites, in 
each of which are two paired sets of setae corresponding to the 
notopodial and neuropodial setae of the adult. The notopodial setae 
of each side are generally two in number, spoon-shaped and spear- 
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shaped respectively, and are elongated and already capable of a 
very considerable degree of protrusion and retraction. The neuro- 
podial setae consist of a single short hook on each side of the ven- 
tral surface of each setigerous somite. As growth proceeds, additional 
hooked setae appear ventrally to those already laid down; at the 
swarming stage, however, a single hook only is as a rule present 
on either side in each somite. In the third setigerous somite, the 
setae in the majority of larvae are as yet incompletely formed; as 
elongation proceeds, however, they enlarge and acquire the same 
characteristics as those of the preceding somite. Locomotion in the 
swarming stage is effected by means of the two ciliary rings, proto- 
troch and paratroch ; these are connected by a median ventral band 
of shorter and stouter cilia. The continued activity of the cilia pro- 
pels the larvae at a uniform rate in a forward direction toward 
the source of light. On the prostomium are two simple "eye-spots'", 
each of which consists of a compact clump of pigment or excretory 
granules on the surface of the brain. Large clear cells, apparently 
of a glandular nature, occupy a large portion of the prostomium, 
and similar but smaller cells are found at the posterior extremity 
of the body. These cells probably furnish, in part at least, the gluti- 
nous material by the aid of which the larvae later form the rough 
tubes in which they live subsequently to the termination of the 
swarming period. In fixed and stained preparations, the cells have 
a clear and reticulate appearance (Figs. 7 and 8, Plate 22); they 
diminish and disappear shortly after the beginning of the crawling 
and burrowing period. 

The swarming stage apparently serves simply for the dissemi- 
nation of the individuals of the new generation, and differentiation of 
internal organs remains very incomplete until after its termination. 
The intestine at this period still consists largely of yolk, and its 
lumen is as yet very incompletely formed. There is, however, a 
partial subdivision into oesophagus, stomach and rectum — a sub- 
division which becomes well defined shortly after the beginning of 
the crawling stage, and persists through part of the larval period 
and into adult life. Mouth and anus have not yet appeared; the 
anterior part of the intestine, however, which later forms an ever- 
sible proboscis, exhibits already a relatively high degree of diffe- 
rentiation (Fig. 7) — a peculiarity in evident correspondence with 
the early appearance of its activity and the important part which 
it plays in larval life. The brain, oesophageal ring and ventral 
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nerve cord, are continuous with one another and are well defined 
in the ectoderm of the anterior region of the body. Posteriorly, the 
ventral cord is less distinctly delimited from the rest of the ecto- 
derm, passing gradually into the undiflferentiated tissue of the growing 
zone. Numerous longitudinal muscle-fibres are closely applied to 
the inner surface of the body-wall, and fibres derived from this 
layer are already attached to the inner ends of the seta-sacs. No 
circular fibres, however, have as yet. appeared; these arise later 
in development and apparently in an entirely different manner 
from the longitudinal fibrils, i. e. they appear in the ectoderm while 
the longitudinal fibres are somatopleuric (see below). 

The free-swimming stage lasts for a period whose exact dura- 
tion, in the case of an individual larva, is difficult of determination, 
but is probably from one to two days at normal summer temperature. 
At its close the larvae undergo the change which has been des- 
cribed as a metamorphosis; they lose their cilia, sink to the 
bottom, and adopt a crawling and burrowing and partially tubiculous 
mode of life which lasts for the remainder of their existence. This 
change takes place at about the time of formation of the fourth 
setigerous somite. The larva represented in longitudinal section in 
figure 8 (Plate 22), is undergoing the transformation; it has already 
lost most of its cilia; the mouth opening has broken through, and 
the proctodaeum is in process of formation ; the intestinal yolk is 
evidently undergoing absorption, and the lumen has become more 
distinct. 

The intestinal lumen quickly becomes spacious and continuous 
from end to end of the body; and in larvae of 6 or 7 somites the 
yolk has largely disappeared, and the intestine has begun its func- 
tional activity. The proboscis, by its continual eversion and retraction, 
fills the intestine with the surrounding debris, playing at the same 
time an important part as a burrowing organ, in which form of 
activity it is assisted by the action of the setae and the muscles of 
the body-wall. From now on, the habits remain uniform and seem 
in all essential respects identical with those of the adult Arenicoki. 
The material introduced by the proboscis into the intestine is passed 
through the latter^ and the contained organic matter furnishes the 
sole food-supply of the developing larvae. 

With the assumption of the definitive life-habits is associated a 
change in the reactions towards light and towards the contact of 
Bolid bodies. The larvae become negatively heliotropic, exhibiting 
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a marked tendency to become oriented with the anterior end direc- 
ted away from the source of illumination, and thus eventually, en 
a result of the continued crawling movements, to gather in regions 
remote from the source of light. The other marked peculiaritj 
which now first makes its appearance is a tendency to bring as 
large a portion as possible of the body-surface into contact witl 
solid bodies (positive stereotropism or thigmotaxis). Larvae freec 
from adhering solid particles, and placed in a vessel containing 
loose finely divided debris of any kind, invariably exhibit restless 
squirming and crawling movements, which continue until the bodj 
is once more in contact on all sides with solid particles. Whei 
these particles consist of loose sand-grains, diatom-shells or similai 
light, finely-divided material, the result is that the animal soon be- 
comes enclosed in a rough tube formed by the adhesion of suel 
particles to one another and to the body-surface by means of the 
abundant secretion furnished by the ectodermal glands. In this 
manner are formed the rough tubes in which the remainder of the 
larval period is passed. When the larva is freed from such a tube, 
the restless squirming movements are resumed, and continue until 
another tube has been formed. Tendencies such as these, when com- 
bined with the characteristic negative heliotropism, will, under natu- 
ral conditions, plainly favor burrowing movements of the kind obser- 
ved. Both forms of reaction apparently persist until adult life, and 
through them the characteristic behavior of the animal is largelj 
determined. 

After the close of the swarming period and the assumption oj 
the burrowing habit of life, growth and elongation proceed steadily 
and uniformly until the full number of somites have been formed 
Elongation is due, as in other Annelida, to the activity of a poste- 
rior growing zone, which occupies a position immediately anterio: 
to the original situationof the paratroch (Figs. 7 — 10, Plates 22 and 23 
29 — 33, Plates 23 and 24). The large clear mesodermal and ectoder- 
mal cells of this region contain large nucleolated nuclei, frequently 
found in process of mitosis, and continually give rise anteriorly to 
new cells which constitute the basis of the newly forming somites 
As each somite appears, it is divided off from the one next succeed- 
ing by a mesodermal septum; the growing zone thus retains un- 
altered its distinctive characters, and occupies a constant position rela- 
tively to the posterior end. 

The short region posterior to the growing zone (post-mesodermaJ 



Stractare and Development of the Nephridia. 349 

region or pygidium) retains its characteristic peculiarities in an 
almost unaltered form throughout the whole of the development 
(Figs. 7—10, Plates 22 and 23; 29—33, Plates 23 and 24). Its ecto- 
dermal cells are small and vacuolated, and contain a granular yellow 
or brownish pigment, evidently of an excretory nature, which seems 
to accumulate in this region as the animal grows older — possibly 
because of its isolation from the rest of the larval body, and its 
lack of vascular supply. A sharp line of demarcation exists between 
the ectoderm of this region and that of the growing zone immediately 
anterior to it. The portion of the intestine contained in this region 
corresponds to the proctodaeum, and is separated by a valve from 
the entodermal portion immediately in front (Fig. 33, Plate 24). In 
its ventral wall is inserted a bunch of strong stiff cilia. 

While the posterior portion of the larval body is undergoing 
elongation in this manner, differentiation of the more anterior somites 
is in progress. In young larvae (with fewer than nineteen somites), 
each somite possesses at its earliest appearance — in addition to 
its section of the intestine and the newly formed muscle-fibres of 
the body-wall — the rudiments of dorsal and ventral setae; and 
is separated from its neighbors by complete mesoblastic septal par- 
titions (Figs. 9, 10; 29, 30, 31, 32). As growth proceeds, the 
septa become incomplete dorsally, and the adjacent body-cavities 
become continuous with one another. At the same time the setae 
become fully formed and functional; and the supra- and sub-intestinal 
blood-vessels, originally simple spaces between the opposed and 
thinned-out walls of the early mesoblastic somites (Figs. 8, 9), be- 
come well defined and of uniform diameter throughout. 

The stomach, as described above, is at an early stage (see 
Figs. 7, 8, Plate 22) already sharply distinct from the oesophagus. 
Throughout the period now under consideration (from 8 to 18 so- 
mites), the oesophagus undergoes a continual backward prolongation 
in a manner presently to be described, and its region of junction 
with the stomach is thus gradually shifted backward from the second 
(Fig. 8) to the seventh somite, its definitive position. In histological 
structure, the walls of the oesophagus consist chiefly of a single 
layer of densely ciliated cubical epithelial cells. The stomach is of 
greater diameter than the oesophagus, and its walls, which are much 
thicker ventrally than dorsally, are composed of very characteristic 
large uniformly stained cells of homogeneous appearance. Along its 
ventral wall extends a ciliated groove continuous anteriorly with 
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the ciliated cells of the oesophagus and posteriorly with those o 
the rectum. Posteriorly, the stomach merges gradually in earlie 
stages into the undifferentiated posterior portion of the intestine 
later its posterior limit becomes defined, though never with absolut 
precision; this limit is in the tenth or eleventh somite, where tb 
stomach passes without abrupt transition into the posterior narrowe 
portion of the intestine. This latter region (rectum) is in its anterio 
portion completely lined by ciliated cells continuous with those o 
the stomach; further backward the cilia become restricted to ; 
longitudinal groove along the ventral wall; and as the growin; 
region is neared, the cilia finally disappear, and the wall become 
composed of large clear cells few in number in cross section, an< 
containing large nuclei (Figs. 21, 24, 30, Plate 23). 

Both stomach and oesophagus are suspended to the dorsal body 
wall by a mesentery in which runs the supra-intestinal blood-vessel 
The sub-intestinal vessel runs along the ventral surface of the inte 
stine, and presents a characteristic appearance from the largi 
granular chloragogen cells which invest it. Posteriorly these celk 
merge gradually into the undifferentiated mesoderm cells of tie 
growing zone (see Figs. 9, 10, 16, 17 etc., 30, Plates 22 and 23). 

For the greater part of the above period the septa form in 
complete transverse partitions extending obliquely backward fror 
the ventro-lateral regions of the corresponding somites to the sub 
intestinal blood-vessel. Each septum from the third to the tent] 
inclusive differs from the rest in being associated with the develop 
ment of a pair of nephridia, which arise on either side in tbi 
mesoblast at the time of formation of the septum, and in continuity 
with the posterior face of the latter. Each nephridium whicl 
thus arises soon acquires the form of a minute intracellular tubul 
in the anterior region of the somite, opening through the septur 
into the body-cavity beyond by an aperture through which cili 
project. The two earliest formed pronephridia, those of somites V 
and V, persist for a short time only, and degenerate at a compara 
tively early period in the development. The remaining six pair 
(in somites VI to XI inclusive) are directly transformed into the de 
finitive adult nephridia. The somites behind the eleventh neve 
give rise to such pronephridia, so far as my observation has ex 
tended. It is possible that pronephridia may occasionally appear i: 
these somites, as might be expected from the fact that certain specie 
exist (e. g. A. ecaudata) in which nephridia are normally presen 
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I these somites; but of the numerous larvae that I have examined, 
ot one has presented this condition, so that its occurrence is at 
uy rate exceptional. The pronephridia of somites IV and V, on the 
ontrary, appear with perfect constancy as normal features of the 
arly development. 

In other respects the development of the post-nephridial somites 
ikes place (until the nineteenth somite is reached) in exactly the 
ame manner as that of the more anterior somites as already 
escribed. The result is the formation of a chaetigerous anterior 
ody-region v^hich includes the first eighteen somites. The primi- 
ve septa are, as above explained, dorsally incomplete, so that the 
ody-cavities communicate freely with one another throughout the 
reater part of this region. By the time of attainment of the nineteenth 
3mite it is found, however, that the four most anterior somites 
ave become separated from the others by muscular partitions which 
ave arisen at the posterior boundaries of the first, third and fourth 
omites. These structures are the fore-runners of the three 
iaphragms of the adult; they do not represent the primitive 
epta of this region, but are formed independently of these in a 
launer presently to be described. The body-cavity from the poste- 
ior boundary of somite IV to the anterior boundary of somite XIX, 
i entirely without septa, and remains in this condition throughout 
fe, forming the spacious undivided coelom characteristic of the 
ireuicolidae. 

With the appearance of somite XIX, a marked change takes place 

II the character of the segmentation. The septum between so- 
lites XVIII and XIX remains complete, forming a membranous partition 

hich persists throughout life and divides the anterior chaetigerous 
ody-region from the region formed behind this limit. The somites 
ow formed are narrower and shorter than those of the anterior 
3gion (see Plate 24, Fig. 33); they are furthermore entirely desti- 
ite of setae, and are separated from one another by complete 
3pta. At the beginning of the time of formation of this region, 
s somites are not conspicuously narrower or shorter than those of 
le anterior region. As growth proceeds, however, the characteristic 
iflFerences between the two regions become more evident, and are 
ell marked by the time the total number of somites has reached 
le neighborhood of thirty. With a further increase in the number 
f somites, the dividing line becomes better defined, until finally, in 
irvae of 2 — 2.5 mm. length, the distinction between the two regions 
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is as distinct as in the adult. The posterior achaetous region under- 
goes relatively little further differentiation, and its somites exhibii 
throughout life an almost complete resemblance to one another. Th( 
addition of new somites continues in the usual manner until ih 
definitive number has been attained, after which the growing zone 
loses its distinctive characters and becomes indistinguishable as such. 

The disappearance of the growing zone and the cessation ol 
somite-formation take place with great regularity at a stage ol 
about 58 somites. The final number of achaetous somites is thus 
found to be approximately constant; it may be accurately determined 
by counting the septa in longitudinal sections of specimens in which 
the growing zone has disappeared. In such larvae the number is 
found to range from 38 to 40, and appears never to exceed or fat 
below this. The total number of somites formed in this species c 
Arenicola seems thus approximately constant (from 56 to 58); in adul 
specimens, however, the number actually found is generally con- 
spicuously smaller than the above; the deficiency is readily accoun- 
ted for as due to a loss of a portion of the posterior region bj 
autotomy, which is of frequent occurrence in this section of the body, 
Although the posterior region increases in absolute size wit! 
the growth of the animal, it undergoes little further differentiation 
and remains throughout life in a primitive uniformly segmented anc 
achaetous condition. The presence of both dorsal and ventral 
mesenteries, the regular repetition from end to end of complete 
septa, the simple uniform structure of the intestine and the regular 
metameric repetition of the circum-intestinal blood-vessels, are other 
characteristic features of this region all of them of a decidedly 
primitive kind. All of these features appear early in the deve- 
lopment of the region, and persist throughout life. 

With the anterior chaetigerous region the case is very different 
and very extensive further alterations are necessary before the defi- 
nitive structure is finally attained. Fig. 30, Plate 23 represents i 
sagittal section of a larva at a stage of about 8 somites. Th( 
metamerism, it will be observed, is expressed in a relativelj 
simple manner : the ventral ectoderm is thickened at segmental inter 
vals, and the septa, all of which are incomplete dorsally (excep 
those just forming), extend from a region a little in front of th< 
constriction upwards and obliquely backwards to the sub-intestina 
blood-vessel. The first septum is inserted into the oesophagui 
immediately behind the proboscis, and into the body-wall almost a 
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the plane of insertion of the retractor muscles of the proboscis. The 
oesophagus extends backward through the second somite and joins 
the stomach near the anterior limit of the third somite; it is evi- 
dently undergoing elongation, as may be seen by comparing its 
extension at this stage with that found in the earlier stages repre- 
sented in Figures 7 and 8. This backward prolongation is further 
indicated in the fact that the septa, which in earlier stages occupied 
planes approximately perpendicular to the long axis (Plates 22 and 
23, Figs. 7, 8, 10), have acquired a pronounced slant upwards and 
backwards. It is to be carefully noted that at this stage the second 
septum is inserted almost at the anterior boundary of the stomach, 
while the third and fourth septa, whose line of insertion into the 
body-wall corresponds with that of the later formed diaphragms, are 
attached to the ventral blood-vessel at points far behind the anterior 
boundary of the stomach. 

As the oesophagus elongates, the stomach is, as it were, pushed 
backwards , and the above mentioned backward slope of the septa 
becomes more marked (Plate 24, Fig. 36). This backward growth 
has the further result that when the second and third diaphragms 
are formed (in a manner shortly to be described), each becomes 
inserted into the oesophagus at a position well in advance of the 
stomach, although as just shown, this organ originally extends far 
in advance of the region finally occupied by the oesophagus. The 
stomach seems during these changes of position to undergo an ex- 
tensive histolytic disintegration and reorganization to form the tissue 
of the oesophagus — a fact which must also be taken into conside- 
ration in accounting for the changes in the position of septa and 
diaphragms. These histolytic changes will shortly be described. 

The most anterior septum occupies from the first a position 
immediately behind the line of insertion of the proboscidial retractor 
muscles (Plate 24, Fig. 35). As growth proceeds, the relations of 
these two originally independent structures become closer, and at 
the stage represented in Fig. 36 — in which twelve somites have 
been laid down — the two have become intimately associated with one 
another, although still distinguishable on close examination. This 
association of proboscidial muscles and first septum becomes in later 
stages more complete, and both eventually enter into the formation 
of the muscular first diaphragm. The posterior peritoneal wall of 
the adult diaphragm may be regarded as representing the original 
first septum. 
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The ventral portion of the second septum, which, like all i 
other septa behind the first, is intimately related to the subintestin 
vessel, carries blood-vessels^ (which are already laid down in ti 
larva of Plate 24, Fig. 36) from the snbintestinal vessel to the venti 
body-wall of the second somite. These blood-vessels mark throughc 
life the original position of the second septum; this structure 1 
thus nothing to do with the formation of the second diaphragm. 

The second and third diaphragms, which in the adult form 1 
posterior boundaries of somites 3 and 4 respectively, are fomi 
independantly of the primitive septa, and represent entirely dif 
rent structures from these — as shown by their method of forn 
tion, histological composition, and relations to internal organs. 1 
second diaphragm begins its appearance at the time of format! 
of the eleventh or twelfth somite; and in most instances comple 
its extension across the body cavity during the time of format] 
of the next two somites. Plate 24, Fig. 36 represents the appearai 
in sagittal section of a larva of 13 somites, showing the appearai 
of the newly formed diaphragm under a low power. It will 
observed that its line of insertion into the ventral body-wall co 
cides with that of the primitive septum. The latter structure persi 
for some time after the diaphragm is formed, and can be seen 
its original position stretching diagonally upwards and backwai 
to the subintestinal vessel at the anterior border of the stomac 
The diaphragm on the other hand, extends in a perfectly transvei 
direction completely across the body-cavity and is inserted into t 
oesophagus in a position a short distance in front of the stomach 

The formation of the diaphragm takes place through the inte 
action of several different and partly independent processes. At i 
first appearance (in a larva of 12 somites), it has the form of 
purely membranous partition, inserted into the ventro-lateral regi 
of the body-wall on a level with the primitive septum, and exte 
ding transversely to the oesophagus which it joins at a regi 

1 Blood-vessels of essentially similar relations are later laid down in 1 
post-diaphragmal septa; and, as will be shown later, the distribution of i 
segmental blood-vessels in the adult and especially their peculiar relations 
the nephrostomata, are explained through the fact of their formation in i 
primitive septa, where they appear as spaces between the two lamellae (Plate 
Fig. 9; Plate 24, Figs. 32, 33). Since the nephridia are from the first in ii 
mate connection with the septa, the position of the nephrostomial blood-vess 
thus becomes readily intelligible. These relations will be more fully dealt w 
in the division treating of the development of the nephridia. 
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immediately anterior to the stomach. At this stage, the diaphragm 
*^*s incomplete dorsally and its muscular fibres are as yet altogether 

informed. Large cells resembling in appearance the mesenchyme 
'^^ells of earlier stages, are applied to its lateral regions and in the 
^Neighborhood of its junction with the oesophagus. These cells evi- 
^^iently play an important part in the formatiop of the diaphragmal 
r^tauscle fibres, since the latter make their earliest appearance in 
^^egions closely corresponding with the distribution of the cells. At 
P^fet stage of 12—13 somites, the diaphragm has increased considerably 

in extent; and muscle-fibres, which from the first show a continuity 
forwith the longitudinal muscles of the body-wall, are being laid down 

- in its lateral regions. The extension across the body-cavity has in 
n^iiost larvae become complete by the time of appearance of somite 
jlXIV; and an uninterrupted partition, partly muscular, partly mem- 
3«toranous, is thus formed at the posterior boundary of the third somite. 
n At this stage, the essential characteristics of the diaphragm are 
rafcriefly as follows: at its lateral insertion it is entered on either 
IJ side by muscle-fibres, continuous with the longitudinal fibrils of 
Of "the body-wall; these extend completely across the diaphragm, pass- 
rsiing below the oesophagus and forming a broad band of muscular 
n tissue extending directly across the body- cavity from side to side, 
an Large nuclei, belonging to the cells above mentioned, are applied 
le to the diaphragm in the region of the muscle-fibres; at the inser- 
rs tion into the oesophagus this organ is constricted, and the muscular 
it fibres and accompanying cells are especially well developed. In its 

median dorsal and ventral regions, however, the diaphragm still 

* remains membranous and non-muscular. 

- It seems probable, from the appearances presented at this and 
^ later stages, that the cells applied to the originally membranous 
t diaphragm contribute to the formation of its muscle-fibres, i. e., act 
^ as myoblast cells, resembling in this respect, the early mesoblast 
E cells of the growing region which give rise to the longitudinal 

muscles of the body-wall (see below). At the same time the direct 
continuity of the diaphragmal muscles with those of the body-wall 
seems to indicate that fibres from the latter are being directly pro- 
longed into the diaphragm by a process of ingrowth. The diaphragmal 
muscles would on this view have two sources; if, however, the 
muscle-fibres of the body-wall also increase in number by the acti- 
vity of myoblast cells (as seems probable), these two modes of origin 
would be fundamentallv identical in nature. 
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The third diaphragm does not appear until a somewhat lat 
stage — typically at the time of formation of the sixteenth 
seventeenth somite. Its manner of formation is in all respects simil 
to that of the second diaphragm. Its ventral insertion coincid 
with that of the fourth primitive septum; and the latter, as in t 
case of the third septum, may persist in its original position i 
some time after the diaphragm has become complete. 

At this stage (17 somites), the oesophageal insertion of the thi 
diaphragm is immediately anterior to the stomach. The oe sop hag 
has thus evidently undergone an elongation of about the length 
one somite since the time of formation of the second diaphrag 
In later stages a section of considerable length intervenes betwe 
the oesophageal insertion of the third diaphragm and the anteri 
boundary of the stomach. Evidently therefore there is in progre 
a backward prolongation of the oesophagus. The manner in whi 
this prolongation takes place is peculiar: it takes place in pj 
probably by a process of simple backward growth; but it seems 
be chiefly due to an extensive histolytic transformation of t 
anterior region of the primitive stomach. The nature of tl 
transformation may be determined in part from the examination 
longitudinal sections of larvae of slightly later stages. In a lar 
of 23 somites, both diaphragms are completely formed; and in t 
fifth somite, a short distance behind the third diaphragm, the chang 
alluded to are apparently in active progress. The oesophagus 
here almost occluded by what appears to be a strong constrictii 
muscle of deeply staining circular fibres, situated at the point 
junction of oesophagus and stomach. The anterior stomach-regi( 
seems to be undergoing a process of dissolution preparatory to ] 
transformation into oesophageal tissue. The typical unaltered stoma 
cells are lightly staining, and homogeneous in appearance; th 
are non-ciliated — except in a groove along the median venti 
wall (Plate 23, Figs. 16, 17, 30) — and contain a few deeply staini 
granules. As the region of constriction is neared, however, th< 
appearance undergoes a marked alteration; they become great 
narrowed and elongated, and drawn out at their inner ends apparem 
into long tapering flagella. Still farther forward the cells a 
vacuolated and largely broken down. On passitfg still farther ft 
ward the vacuolation becomes less marked; and finally the vaci 
lated cells pass by a gradual transition into the ordinary cubic 
ciliated cells of the oesophagus. 
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Everything thus points to the conclusion that a disintegration 
land subsequent reorganization of the anterior stomach cells are in 
1 progress. In earlier stages, the region of transformation is found 
c farther and farther forwards, and always at the junction of oeso- 
i phagus and stomach. It thus moves gradually backwards as deve- 
1 lopment proceeds, and the process of transformation apparently ceases 
only when the definitive limits of the two regions have become 
tjfinally established. In later larval stages, and in the adult, the 
..oesophagus joins the stomach near the line of separation of the sixth 
land seventh somites, immediately behind the oesophageal pouches. 
; These latter organs therefore do not arise until oesophagus and 
stomach have attained their definitive limits. 

Some space has been devoted to a description of the above 

liistolytic changes in order to make clear the manner in which the 

£nal relations of the diaphragms become established. At the body- 

^wall, the line of insertion of each diaphragm corresponds to that of 

the original septum to which it corresponds (P*, 3"^^ and 4*^). At 

the intestinal insertion however, no such correspondence can exist. 

The whole anterior region of the alimentary canal has undergone 

91 complete alteration from its earlier condition; and the sections of 

oesophagus bounded by successive diaphragms can therefore in no 

way correspond to the original segmental divisions. In Arenicola 

the alimentary canal fails indeed to exhibit metamerism in its anterior 

portions, becoming diflferentiated as a whole, without reference to 

segmental limits. In the body-wall, on the other hand, the 

metamerism — as indicated by the position of the setae, external 

body-rings, branchiae and nephropores — corresponds closely with 

that originally laid down in early development. These facts have 

an important bearing on the question of the possibility of rigorously 

marking off segmental limits in the adult stages of metameric 

animals. This can be done only in the case of certain structures 

in Arenicola: the anterior part of the intestine shows no indications 

of metamerism. 

It will be sufficient for the purpose of this paper to give merely 
a brief outline of the remainder of the larval development, since its 
details are of interest in the present paper only in so far as they 
concern the characteristics of the nephridia which will shortly be 
dealt with at length. As growth proceeds, the division between 
chaetigerous and achaetous body-sections becomes well-defined, and 
with the completion of the diaphragms and the definite establishment 
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of the limits of the intestinal regions, the main characteristics! 
the adult body are complete. The activity of the growing m 
ceases when the larva has attained a length of from 2 to 2.5 mj 
at which stage the outward appearance and internal organizati " 
are essentially identical with those of the adult — further deveh 
ment consisting chiefly in an increase in size and in the completi 
of histological differentiation. In such larvae, the distribution of i 
blood-vessels is substantially as in the adult, and the two **hearb 
connecting the gastric and subintestinal vessels at the anterior extr 
mity of the stomach, are already differentiated and rhythmii 
contractile. The gills have appeared in the 7*^ to 17*^ setigei 
somites (VIII — XVIII) as thin-walled evaginations of the dorso-lat( 
body-wall containing looped blood-vessels. The otocysts are presenj 
the sides of the prostomium. The six nephridia are visible throi 
the transparent body-wall as sac-like structures in the 5*^ to 
1 0*^ setigerous somites (VI— XI). The dorsal setae and the ven 
rows of hooks have the usual characters, but have increased grei 
in number as compared with earlier stages. Larvae of 10 — 15 
length have undergone little further alteration, except in respi 
to size and degree of histological differentiation. The gills ha 
become more branched, the "hearts" more conspicuous and bett( 
defined, the number of setae has increased, and the external body^ 
rings have appeared. At this stage in fact, the adult organizatioi 
is essentially complete. 

1. Anatomy and histology of the adult nephridiam. 

The six pairs of nephridia of the adult Aremcdkb cristata are 
situated in the 5*^ to the 10*^ setigerous somites inclusive. These 
somites correspond however, as seen from a comparison of early 
larval stages, to body-somites VI to XI, the first somite (peristomium) 
being without setae, and in the adult, not sharply demarcated exter- 
nally from the second. Internally, however, its posterior limit is 
marked by the first diaphragm whose position corresponds closely 
with that of the original first septum. Between the first and second 
diaphragms intervenes a region composed of two somites; these are 
in early stages perfectly distinct from one another; in adult life, 
however, the bisegmental composition of this region is less evident; 
it is however, clearly indicated by the presence of two segmental 
tufts of notopodial setae, as well as by certain peculiarities of the 
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:,q^ascular system (see Gamble & Ashworth, 1900, Fig. 26). The 
^ second diaphragm thus constitutes in reality the posterior boundary 
5 Df somite III, while the third diaphragm similarly delimits somite IV. 
^JThis disposition of the diaphragms is characteristic of all the species 
^^f Arenicola that have thus far been examined, and has its origin 
j-^Tin A, cristata in a manner that has already been sufficiently descri- 
-bed above. The first chaetigerous somite is therefore, strictly spea- 
^ Jking, the second body-somite and not the third as Gamble & 
^SHWORTH suppose (1900). It is highly improbable that differences 
^An this respect should prevail among the different species of Jj-eni- 
^-jx>la) at all events in A, cristata^ study of the larval stages proves 
^eyond a doubt that the composition of the anterior region is as 
, ftbove described. 

The position of the first nephridium in A, cristata (body somite 
^ VI, or 5*^ chaetigerous somite) agrees with that of the majority of 
^ other species hitherto investigated. In A, marina^ however, the first 
nephridium occupies somite V (4*^ chaetigerous), and its nephrostome 
.perforates the third diaphragm and opens into the body -cavity 
/beyond. It is noteworthy, as Gamble & Ashworth have emphasized, 
that this nephridium is typically smaller than the others and fre- 
quently much reduced or even absent. Since the larvae of A, cristata 
, possess pronephridia in both somites V and IV, it is evident that the 
. present condition has been reached through the disappearance of 
certain more anteriorly situated nephridia; and the process of re- 
duction is apparently still in progress in A, marina. The forma- 
tion of the anterior diaphragms is possibly in part responsible for 
the disappearance of the nephridia of this region, since the nephridia 
^ are thus cut off from the genital region and deprived of one of their 
^ most characteristic functions, that of conveying the genital products 
, to the exterier. 

\ In anatomical structure the nephridia of 4. cristata are very 

, similar to those of A, marina. The large conspicuous nephrostome 
, with its fringed dorsal lip transversed by the nephrostomial blood- 
vessel, the spacious and uncoiled glandular region, and the large 
contractile terminal vesicle are characters apparently possessed in 
common by all species of the genus. The nephrostomial blood- 
vessel, after leaving the posterior margin of the dorsal lip, passes 
along the body of the nephridium and is associated in body-somites 
VII to X with the formation of the gonads. These organs have the 
characteristic form of strands of cellular tissue traversed by the 
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blood-vessel and formed by a proliferation of the peritoneal cove 
of the latter, in a manner later to be described. The positioi 
the anterior margin of the nephrostome corresponds to the bounc 
between two successive somites; in early larval life the nephrost 
actually perforates the septum and opens in the typical mai 
into the body cavity beyond. In adult life no septa are pre 
in the nephridial region; these structures are, however, represe 
by the segmental blood-vessels which pass between the subintesi 
vessel and the lateral longitudinal vessels. These vessels, with w 
the nephrostomial blood-vessels are directly continuous, are o 
nally formed in the intersegmental septa, as already described; 
\, in this sense each nephrostome may be considered to open throng 

j* life into the next anterior somite. The external opening of 

j nephridium is at the posterior extremity of the somite, dorsal 

i . a little posterior to the row of ventral hooked setae. 

f In its natural position, each nephridium is situated imnaedia 

I within the dorsal insertion of the transverse muscular bands, 

I which it is partially isolated from the general body-cavity. W 

j; these muscles are cut and turned back, the nephridia are fr 

■ exposed to view (Plate 22, Fig. 1). Each is then seen as an elongi 

I tubular organ with brown walls, terminated posteriorly at the 1< 

! of the setae by the contractile vesicle, and anteriorly by the h 

I and characteristic nephrostome, conspicuous from the bright 

i processes of its dorsal lip. A slip of transverse muscle is attac 

to the anterior portion of the dorsal lip and in life binds the nepl 
stome down in such a manner that its opening is directed inwa 
Figure 3 represents a nephridium seen in its natural position fr 
above, after the removal of all the transverse musculature, exc 
a portion of the attached slip. 

The nephrostome is of peculiar and complex structure 
presents certain peculiarities that apparently have not hitherto b 
observed in the other species of Arenicola, Figure 2, which rej 
sents an enlarged view of the first nephridium of the right s 
shows the appearance of the nephrostome after its attachments h 
been removed, and its aperture has been freely exposed to v 
and spread open. It will be observed that a well defined lin< 
division separates the light-colored non-pigmented nephrostome f 
the deep brown glandular portion of the organ, a division corresj 
ding to a marked difference in the histological character of 
lining epithelium of the two regions. 
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The limits of the nephrostome as such are thus sharply defined 
in the adult. In early stages, on the other hand, no sharp line of 
demarcation can be drawn. The above difference of structure must 
mot therefore, as some suppose, be held to indicate that the two 
^^egions represent genetically distinct structures which have secon- 
darily entered into intimate association. It will be shown beyond 
"that the two portions develop in direct continuity with one another 
SIS portions of an originally single embryonic rudiment. 

The dorsal lip is bordered by a series of bright i-ed vascular 
j<5iliated processes. These are flattened and somewhat leaf-shaped 
-Structures, partially subdivided by secondary finger-like processes, 
^'and arranged in a single row from end to end of the dorsal lip. 
»lThe dorsal lip is somewhat the longer of the two, and is usually 
liomewhat folded in the living Arenicolu, so that the one-rowed 
arrangement is not obvious on casual examination. When the 
oephrostome is slightly stretched, however (as in Fig. 2), the pro- 
cesses are readily seen to have the above-described arrangement, 
With their broad faces opposed like the leaves of a book. - At the 
anterior and posterior limits of the lip they diminish in size and 
fclie number of subdivisions becomes less. Each process may be 
xiescribed as palmate in shape; at its somewhat narrowed base it 
is attached to the border of the dorsal lip; in structure it is essen- 
tially a hollow thin-walled flattened vesicle, lined internally by a 
connective tissue basement membrane and covered by a columnar 
ciliated epithelium which passes without transition into the epithe- 
lium lining the interior of the nephrostome. 

The relation of the processes to the nephrostomial vessel is 
in reality very simple, and may be readily understood by a reference 
to tlie textfigure (p. 362), which represents in a somewhat simplified 
form a cross section of the entire anterior region of the nephridium. 
The main portion of the vessel {nst.v.) runs along the outer margin 
of the dorsal lip immediately below the insertion of the processes, 
and its interior communicates directly with that of the processes, 
whose bright red color is thus due to the contained blood. No 
.distinction, however, can be seen between the wall of the blood- 
vessel and the internal connective tissue lining or basement-mem- 
I- brane of the processes , the two being directly continuous with one 
p another, and in reality diflfering only in their relations to the nephro- 
stomial epithelium. This epithelium is intimately related to that 
part of the blood-vessel which enters the interior of the processes. 




"^''^'"'/'■^'^'iiA 



Structure and Development of the Nephridia. 363 

iternally, however, the blood-vessel is not covered by epithelium, 
.t merely by the investing peritoneum of the nephridium (textfig.). 
ae relations may, therefore be described as follows: the blood- 
dssel is bordered by a regular series of short flattened palmate 
•stnches or folds, which are covered by the ciliated epithelium of 
lO nephrostome and together with this form the ciliated processes 
t the dorsal lip. 

The manner in which these peculiar relations are established 
ecomes clearer on considering the condition in the later larval 
tages. The nephrostome in larvae of from 2 to 10 mm. in length 
§ composed of cubical ciliated cells of small size; the margin of 
ae dorsal lip is entire, and along the outer surface runs the early 
-Ophrostomial blood-vessel which at this stage is of uniform diameter 
b-TOughout its length (Plate 25, Figs. 43, 44, 46—49, nstb.v.). The 
'^ssel retains this position throughout life ; in later stages, however, 
•lie portion of the nephrostomial epithelium in contact with the 
>lood-vessels seems to undergo a great increase of surface and to 
become thrown into folds, which eventually exhibit a typically 
I regular arrangement and definite structure and constitute the pro- 
i^ cesses of the dorsal lip. The wall of the blood-vessel preserves 
■" its contact with the nephrostomial epithelium and takes part in the 
folding process, and hence the interior of the processes necessarily 
remains in continuity with the lumen of the blood-vessel. The exact 
manner of the transformation has not been observed, and the above 
provisional- account is largely suppositional, since the margin of 
the epithelium remains entire in larvae of 10 — 15 mm. length, the 
largest I have as yet succeeded in rearing. In other respects, 
however, the nephrostome of this stage has essentially the same 
characteristics as that of the adult, and the formation of a system 
of folds in the manner above outlined would complete the resem- 
blance to the adult nephridium. Gamble & Ashworth (1898) have 

Explanation of Tezt-fi^nre. 

Somewhat simplified cross section through the nephrostome and adjoining 
glandular region of the adult nephridium. Section-blanc passes about midway 
between anterior and posterior borders of the nephrostome (see Plate 22, Fig. 2). 
The figure shows the relations of ciliated processes of dorsal lip ip.d.l), nephro- 
stomial blood-vessel (nst.v)^ vesicle of ventral lip {v.v.l), and glandular region 
igLneph.), The relations of the nephrostomial epithelium to the processes and 
to the vesicle are shown ; also those of the membranous wall of the vesicle [m.v.l.) 
to the epithelium (e.v.l.) and to the peritoneum [p.n,]. b.v: blood-vessels; m.s: 
muBcnlar slip attached to dorsal lip; ex.ep: excretory epithelium. 
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published drawings of nephridia of youog specimens of A, mam 
respectively 30 and 44 mm. in length (Figs. 16, 18), in which tl 
dorsal processes are just beginning their formation in a manner tk 
corresponds substantially with the above description. In A, crisk 
it is probable that they arise at a corresponding stage and in i 
same manner. It is interesting to note that in certain other specii 
notably A, Orubii and A. ecaudata, the processes, while evideni 
bearing the same relation to the nephrostomial blood-vessel, t 
fewer in number and simpler in structure, remaining apparently 
a less differentiated condition throughout life (Gamble & Ashwobi 
1900). 

All indications therefore point to the conclusion that the procei 
represent simply an elaborate and regular system of folds of 
nephrostomial epithelium. The correctness of this view is fa 
indicated by the identity in structure of the ciliated cells of 
processes and of the other portions of the nephrostome. 

By the formation of the processes of the dorsal lip, the cilij 
surface of the nephrostome is enormously extended and its efficiei 
as an organ for removing suspended solid particles from 
coelomic fluid is correspondingly increased. The cilia which co 
the processes are incessantly and vigorously active (a conditii 
presumably favored by the abundant vascular supply), and tend 
sweep all suspended solid particles into the interior of the nephri 
dium. In living Arenicolae it is found that the interior of the! 
nephrostome and the interstices between the processes are occupied 
by a mass of loosely granular substance evidently collected in thh 
way. On microscopical examination the mass is found to consis 
largely of broken-down cells containing excretory granules similai 
to those found in the chloragogen cells coating the ventral blood- 
vessel. It appears probable, in fact, that the chloragogen celL 
undergo a continual process of disintegration and that the solic 
excretory products thus set free in the coelom are swept into th( 
interior of the nephridia by the nephrostomial cilia and so conveyec 
to the exterior. The broken-down chloragogen cells are possible 
replaced by wandering cells or, more specifically, excretophores 
which are chemotropically attracted to the ventral blood-vessel an( 
while there extract from the blood the excretory matters; the latte 
being deposited in a solid form in the interior of the cells an( 
eventually set free in the coelom to be removed to the exterior bj 
the nephridia. Urea and other soluble waste-products seem, on th< 
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^Jjother hand, to be excreted by the glandular epithelium of the 
itaaephridia. Further evidence of the excretory function of the 
ecshloragogen cells will be presented later. At present it is suffi- 
nc5ient to note that an important part of the excretory function is 
ii^ipparently performed in the above manner; and it seems possible 
i^-fchat the increased ciliary surface provided by the vascular nephros- 
ir ^omial processes has proved advantageous in facilitating the removal 
of solid excretory particles from the coelomic fluid, and has there- 
t fore been acquired in relation to this function (compare Rosa, 
1903). 

The ventral lip of the nephrostome diff^ers from the dorsal 
- lip in being entire and non-vascular, as in apparently all other 
►t species of Arenicola, It presents a curious and hitherto undescribed 
i-r modification in the shape of a large , thin-walled, hollow vesicle 
t (Plate 22, Figs. 2, 4) which occupies its median portion and is pro- 
longed at either end into a tubular region of narrower calibre form- 
li ing the remainder of the margin of the ventral lip. The entire 
i^ ventral margin between the anterior and posterior limits of the 
I dorsal lip is thus in reality a thin-walled tube, with a central 
V dilatation, constituting the vesicle in question. The greater part of 
I- the wall of the vesicle and of its tubular prolongation is formed 
of a ciliated epithelium continuous with that lining the interior of 
the nephrostome (see p. 362). In cross section, the epithelium of 
the ventral lip is found to curve outward as the margin is reached^ 
and to pass without demarcation into the epithelium covering the 
outer surface of the tubular region." This epithelium extends around 
the greater part of the circumference of the vesicle and the marginal 
tubule; it ceases abruptly, however, at a well defined line an the 
outer surface (Figs. 2, 6) and the remainder of the circumference 
is formed of a thin, translucent membrane which at its junction 
with the wall of the nephrostome becomes continuous with the 
peritoneal covering of the nephridium. Near its line of junction 
with the nephrostomial wall, the membrane may show a few blood- 
vessels derived from the general nephridial network, but towards 
its junction with the epithelium such vessels are generally wanting. 
The interior of the vesicle is typically completely shut off^ from 
direct communication with the body-cavity. Occasionally, however, 
a few ova may be seen within; these may have gained access to 
its interior as o5gonia, and have there undergone further growth 
and maturation. The thin-walled membranous portion may possibly 
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exhibit occasional interruptions in its continuity which might ad 
of the passage of minute bodies such as the early oogonia into 
interior of the vesicle. Leucocytes appear always to be pres 
there to a greater or less degree. Definite openings howe^ 
placing its interior in free communication with the body-cavity, 
not exist. The cavity in fact appears simply to represent an enlar 
lymph-space. It is lined by a thin layer of connective tm 
containing minute blood-vessels and occasional nuclei, and dire< 
continuous with the membranous portion of the wall of the vesi 

The remainder of the ventral lip below the tubular margin 
like all the non-marginal portion of the nephrostomial wall, compo 
of (1) an internal layer of cubical ciliated epithelium, lining 
interior of the nephrostome; and (2) an external connective tig 
layer bearing blood-vessels and continuous with the periton( 
covering the outer surface of the entire organ. 

The manner in which the ventral lip acquires its character 
structure is at present somewhat uncertain. The vesicle and marg 
tube make their appearance at a relatively late period of deve 
ment and are not present in larvae of 10 — 15 mm., the large 
have so far reared. The probable manner of their formation 
however, be inferred from a comparison of the adult and la 
nephrostomes. In larvae of the above dimensions the nephrost 
is formed of a single layer of cubical ciliated cells covered ext< 
ally by a thin peritoneal layer (Plate 25, Figs. 43, 44, 48 etc.) 
possesses an entire margin, along whose dorsal portion rans 
nephrostomial vessel (Figs. 42 — 49). The ventral lip is shorter tl 
the dorsal lip, but in other respects possesses a similar struct 
(Fig. 47). The formation of a tubular margin had its origin, in 
probability, primarily in an increase in the extent of the cilij 
surface. In the adult organ the original border of the nephrosis 
is undoubtedly represented by the line of separation between 
epithelial and membranous portions of the tubular margin (Plate 
Fig. 6). The membranous portion apparently represents the orig 
peritoneal layer, which is here no longer (as originally) in immed 
contact with the outer wall of the nephrostome, but has beec 
separated from the latter by the formation of a marginal lyt 
space of very definite form. The manner in which the preg 
conditions arose was thus very probably somewhat as follows: 
The epithelium of the ventral lip underwent a process of extens 
in an outward direction; if the area of the epithelium increa 
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CDre rapidly than that of the associated peritoneum on its outer 
c3e, the former would soon exceed the latter in extent and as a 
itsult would tend at first to curve outward and eventually, with the 
zintinued growth, to become separated from the peritoneal layer. 
_ marginal space would thus be formed between the epithelium and 
36 peritoneum which was originally in contact with it. This space 
alight later acquire the definite characteristics presented by the 
"abular marginal space of the adult nephrostome. This space indeed, 
=^reseDts many of the characteristics that we should expect to find 
^ere such its mode of formation. In cross section, its epithelial 
l^all is much more extensive than its membranous wall; its epithe- 
^um is continuous with that of the interior of the nephrostome; its 

iterior is closed on all sides toward the body-cavity; and it is lined 
CQternally by a thin layer of connective tissue, continuous with that 

rhich is everywhere present between the peritoneal epithelium and 
bhe outer ends of the epithelial cells of the nephridium. Whether 
mx not the conditions of its formation were of the mechanical kind 
r-bove imagined, there seems little doubt that it represents essentially 
^ large and well defined lymph space between the peritoneum and 
3 he outer surface of the nephrostomial epithelium. 
][ The body of the nephridium is of a deep brown color; it is 
jtspacious and uncoiled, as in all other species of Arenicola, and tapers 
jfllightly towards its posterior termination where it joins the large 
contractile terminal vesicle. The brown color of these regions, like 
that of the external integument, is due to the numerous excretory 
granules contained in their walls. The walls of the terminal vesicle 
are thinner than those of the tubular region, and are typically folded 
in such a manner as to present a somewhat morula-like appearance, 
as represented in Plate 22, Figs. 1—4. This appearance is an 
incidental result of the network-like arrangement of the muscle-fibres 
which occupy the position of the interspaces between the elevations 
of the surface. Each inter-muscular area thus tends, in the con- 
tracted condition of the vesicle, to project beyond the general surface 
in the manner represented. Both nephridial tube and terminal 
vesicle are richly supplied with blood-vessels. 

Histology. 

The lips of the nephrostome and its interior are lined by a 
single layer of columnar ciliated cells which show but slight diflfer- 
ences of structure in the different regions. Over the surface of the 
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dorsal processes, the epithelium is folded (Text-figure on p. 36! 
and is composed of cells of a more columnar shape than thoa 
covering the ventral lip, which are more cubical in appearand 
(Plate 22, Fig. 6). The difference in shape is, however, inessential 
and is due in all probability to the different conditions of pressun 
and tension to which the cells are exposed in the different regions: 
the epithelial cells of the processes — being apparently subjectei 
to lateral pressure, as indicated by the folding — are for this reasoc 
more columnar; while the cells of the smooth unfolded epithelial 
of the ventral vesicle are apparently subjected to the tangentia 
tension characteristic of distended vesicles, and are thus forced t 
assume a more cubical shape. In all essential respects, howevei 
the cells are identical in structure. They are large and clear, i 
approximately the same size in different regions, and do not contai 
concretions. Each is bordered by numerous strong cilia (each « 
which has a well-defined deeply staining basal granule), and th 
protoplasm exhibits in stained preparations the fibrillar stractur 
characteristic of ciliated cells. As GtAmble & Ashworth ha^ 
pointed out (1900, p. 515) the cells are much larger than those ( 
the cubical epithelium of the early nephrostomes. The relative si 
of the two may be seen by comparing Plate 22, Fig. 6 and Plate 2; 
Fig. 47, which are drawn to the same scale. It will be seen! 
however, that the nuclei of the early nephrostome are of almosi 
exactly the same size as the nuclei of the adult structure, and oecupj 
a correspondingly large portion of the cell. In their ciliation 
character of the protoplasm, and general shape, however, the ceJii 
are closely similar. 

The cubical epithelium of the funnel passes over into the excre 
tory epithelium of the glandular region by a somewhat abrup 
transition, although a few of the cubical cells immediately adjoinin| 
the excretory epithelium proper may contain granules in their interio 
and in other respects exhibit a partially intermediate structure. 

The large excretory cells of the glandular portion of th( 
nephridium form a single layered excretory epithelium lining th< 
interior of the organ and generally thrown into a well marked systen 
of internal folds. External to the epithelium is a thin connective 
tissue layer bearing numerous blood-vessels; externally the vrhoL 
organ is covered by the peritoneum. 

In structure the cells agree closely with those of A, ecaudati 
as described by Gamble & Ashworth. Like most cells of ai 
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excretory function they are much vacuolated and contain numerous 
'- deeply staining granules. The nucleus is situated in the middle 
- region of the cell, usually somewhat nearer the base than the outer 
^ border. It is large, generally rounded in shape but frequently of 
=*^ irregular outline, and contains a chromatin network of the appearance 
?r: represented in Plate 22, Fig. 5, together with a conspicuous deeply 
1 *■ staining nucleolus which in nearly every instance is seen to contain 
e^ a well-defined vacuole. The vacuolation of the nucleolus is character- 
^ * istic of the excretory cells, and also, as will be pointed out later, 
^ of the large nuclei of the growing zone, and of the glandular cells 
"c of the ventral wall of the stomach. The peculiarity seems to be 
^r associated with unusual metabolic activity. It is noteworthy that in 
r the excretory cells the position of the nucleus always closely corres- 
r ponds with that of the zone of deeply staining excretory granules. 
\ — The diflferent regions of the cell show very constant and character- 
istic peculiarities, as may be seen from Fig. 5 which represents a 

• portion of the excretory epithelium seen in cross section. At its 
L base each cell shows typically a denser structure than at the more 
e peripheral portions, and in fixed and stained preparations, seems 

* composed chiefly of a feltwork of prevailingly longitudinal fibrils 
— an appearance which seems characteristic of ciliated cells. 

■■ Typically the basal part of the cell is almost free of granules. 
Towards the middle region where the nucleus is situated, the 
protoplasm becomes more vacuolated and is in most instances largely 
filled with minute round granules which stain an intense black 
with iron-haematoxylin. Besides these deeply staining granules, 
there are others (which in some cells may preponderate : see Fig. 5) 
which stain less deeply and seem to have a greater affinity for the 
acid stains such as erythrosin. The restriction of the deeply staining 
granules to the middle region of the cell is very constant, though not 
absolutely so, and gives rise in cross section to the appearance 
represented in the text-figure (p. 362). The number of granules, 
however, shows great variability, some cells being almost free of 
them while others are so deeply laden as to present an almost uni- 
formly black appearance. The extreme outer portion of the cell is 
usually, but not always, free of black granules, and is composed 
of a finely granular, much vacuolated protoplasm which frequently 
contain numerous lightly staining rounded bodies, apparently of the 
same nature as the erythrophilous granules just described as present 
in the middle region of the cell. These bodies range in size from 



370 Ralph S. Lillie 

minute granules to large rounded masses of half the diameter o 
cell; they are of very variable occurrence, at times very num( 
and at other times almost entirely absent. They apparently r» 
sent the final stage of the excretory products immediately b 
their extrusion into the lumen of the nephridium. Frequently b 
of precisely similar appearance are found in the lumen immedi 
without the cell wall and apparently still adhering to the h 
Such bodies have evidently recently been extruded. The indica 
are therefore that the black granules do not represent the 
stage of the excretory products ; but that the latter undergo a fu 
chemical transformation in the outer portion of the cells before 1 
cast out into the lumen. 

The outer rounded margin of the cell usually projects intc 
lumen of the nephridium and bears flagella. The numbe 
flagella is not, however, constantly one to each cell, as somet 
held; a single cell may frequently bear a tuft composed of se^ 
flagella. The projection of the cell-body into the lumen i 
general less prominent in cells that contain relatively few excr< 
granules. 

The terminal vesicle is also lined internally by excretory 
of the same general character as the above. Between the 1 
of the epithelial cells and the investing connective tissue layei 
situated a strong network of muscle fibres whose strands d 
the surface of the vesicle into the hemispherical elevated areas a 
described. In other respects, the histological structure of the ve 
is similar to that of the tubular region. The muscular nehvorj 
derived, in a manner to be later described, from the longitud 
fibres of the body-wall and is continuous with these. 

A comparison of the excretory cells of the adult nephrii 
with those of earlier stages shows various points of agreement 
disagreement. Fig. 6, Plate 22 shows a longitudinal section thr 
the wall of the nephridium of a larva of 5—6 mm. The celj 
will be observed, are much shorter and broader than those of 
adult nephridium and contain fewer granules, which furthermore 
to show the definiteness of distribution found in adult individ 
In the general characteristics of the protoplasm, its vacuolation, 
its greater density at the base of the cell, the larval excretory 
agree with the adult; and the nuclei are of almost precisely sir 
size and appearance, even to the presence in each of a conspic 
nucleolus which almost always contains a well defined vacuole. 
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^scular supply of the young nephridium is much less developed 
an in the adult; and the cells of the terminal vesicle are flatter 
d contain fewer granules, while the muscular layer of its wall is 
rgely incomplete (Plate 25, Figs. 45, 55). 

The number of granules in the excretory cells of larval stages 
however subject to great variation, as will be seen by a reference 
Figs. 46 — 54 which represent cross sections from the first nephri- 
im of a single specimen of somewhat smaller size than the 
3 from which Fig. 7 was taken. In this specimen the nephridial 
Is contain numerous and characteristic excretory granules; in other 
ipects, however, they are essentially similar to those of the first 
3cimen. The projection of the individual cells into the lumen is 
3sent here as in later stages, though it is less marked. 

Later the histology of the larval nephridia will be dealt with in 
>re detail. 

5. Deyelopment of the Nephridia. 

The nephridia develop in close relation to the other segmental 
•uctures of the body, especially the septa with which they are 
)m the first in direct continuity. The early somites, as in other 
inelids, make their appearance as immediate products of the acti- 
ty of a growing zone, comparable with the teloblastic region of leech 
oligochaete embryos. It will be necessary therefore, in order to 
ake clear the earliest relations of the nephridia, to consider in 
eater detail the characteristics of this zone and of the region of 
tive diflferentiation immediately anterior to it. 

(a) Growing Zone. 

The appearance of the growing zone in longitudinal section is 
presented for early larvae in Plates 22 and 23, Figs. 7, 8, 9, 10; for 
mewhat later stages in Plates 23 and 24, Figs. 30 — 32 ; and for the 
ige of formation of the achaetous body-region in Plate 24, Fig. 33. 
1 appearance in cross section may be seen from Figs. 14, 21 and 
, Plate 23. Its characteristics remain almost constant for the whole 
riod of its activity; after the formation of 56 — 58 somites it dis- 
pears and the formation of somites ceases. Throughout the whole 
riod of somite-formation the zone retains a constant position a 
ort distance in front of the posterior extremity of the body, irarae- 
itely anterior to the post-mesodermal (pygidial) or former para- 
►chal region. Posteriorly where it adjoins the pygidial region its 
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boundary is sharply defined; anteriorly it passes by a gradual ti 
sition into the more fully dififerentiated region in front. The pygii 
region thus takes no part in the formation of somites, but is can 
passively backwards as the body elongates and preserves unci 
ged its peculiar characters throughout the whole development. 

The histological structure of the growing zone may be seei 
a reference to the figures above mentioned. Cross sections si 
that the ectoderm of the extreme posterior region of the bod; 
the young larvae is greatly thickened, and of almost uniform 
meter in all portions of its circumference (Figs. 14, 21 and 
Plate 23). Figure 14 is a section passing through the posterior re| 
of a larva of 5 — 6 somites. The section is slightly oblique; dors. 
it cuts through the anterior portion of the paratroehal region, and^ 
trally through the region of commencing diff^erentiation at the post« 
border of somite V. The ectoderm of the growing zone is see 
be composed of a single layer of large cubical cells eontai 
large clear nuclei, each of which usually exhibits a well- del 
nucleolus. On passing forward from this zone the dorsal and la 
regions of the ectoderm are seen gradually to become thinner, 
cell-limits become less sharply defined, the number of nucle 
cross section becomes fewer, and the nuclei themselves become sni; 
and more deeply stained, gradually assuming the usual ch^ 
teristics of the tissue-nuclei. The ventral ectoderm also becc 
thinner anteriorly^ although to a less extent than the dorsal 
lateral regions; and the ventral nerve-cord appears as a fibr 
differentiation of the inner ends of its cells. 

The region of large cells with the large clear nuclei thus 
dently corresponds to the undifferentiated embryonic region of 
growing zone, from which cells are divided off anteriorly; in o 
words, to the teloblastic region. Definite individualized teloK 
however are not present in Arenicola at this stage. The nur 
of cells in cross section is not constant and the cells show no 
position to become arranged in rows, but simply form an und 
rentiated zone which passes by a gradual transition into the n 
differentiated ectoderm in advance. Posteriorly the ectodermal ( 
of the growing zone are, as already mentioned, sharply delim 
from the small, radially arranged, pigmented cells of the adjoii 
pygidial region (Plate 24, Fig. 32, 33). 

The thinning-out which the ectoderm shows on passing for^v 
from the growing zone is in all probability due in large part t 
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-%^ensioii of the body -wall by the contained coelomic fluid, whose 

«3Q0tic pressure must necessarily exceed that of the sea-water 

fcTierwlse collapse would result). The extension of the body- wall 

the region immediately anterior to the growing zone is certainly not 

:«^e purely to a process of cell-multiplication or simple growth. This 

shown by the fact that the wall becomes thinner and the nuclei 

*^ ^)re sparsely distributed at the same time as the superficial extent 

^ <5rea8es, indicating clearly that the material which is being added 

"fc the growing zone is undergoing a re-arrangement and extension 

":ff a kind similar to that which would result from mechanical stret- 

liing. The expansive force which in this manner stretches the newly 

CDrmed body-wall and thus causes this region to extend both trans- 

'«rsely and longitudinally (see Plates 2i— 24, Figs. 9, 11, 29—32), is 

n all probability the osmotic pressure of the coelomic fluid. The 

process may be compared roughly to the formation of a soap-bubble, 

v^here the thick layer of fluid added at the rim of the pipe-bowl 

^corresponding to the growing zone) is thinned-out and extended in 

fcoth directions by the pressure acting on the walls from within. 

The analogy need not' be pursued in further detail; it is probably 

accurate to a certain degree, although in the growth of the larval 

l>ody-wall material is undoubtedly added at other regions than at 

the growing zone. The analogy fails for example to explain why 

the ventral body-wall remains thicker than the dorsal and lateral 

egions. The above peculiarities of the ectoderm at and immediately 

in front of the growing zone are however rendered partly intelligible 

by this comparison. 

The space between entoderm and ectoderm at the growing zone 
is filled with a mass of undifferentiated mesoderm; more anteriorly 
the mesoderm becomes differentiated and shows the usual division 
into somites. At the extreme posterior narrow region between the 
entoderm and the ventral ectoderm are found undifferentiated cells 
of a characteristic embryonic appearance (Plate 23, Figs. 10, 30, 31). 
These cells are typically larger and clearer than those situated 
more anteriorly, and are frequently found in process of mitosis; 
hey possess large clear nuclei each of which typically contains a 
conspieuous vacuolated nucleolus. They undoubtedly correspond to 
the teloblasts or mesoblastic pole -cells which terminate the meso- 
derm bands in so many other species. In Arenicola^ however, their 
number is not constant, nor are they sharply defined from the meso- 
blast cells immediately in front. The extreme posterior mesoderm 
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might indeed be more accurately described as consisting of a ei 
nuous mass of undiflFerentiated protoplasm, containing large m 
from which smaller nuclei are divided oflF anteriorly to form 
nuclei of the differentiating mesoderm. The terminal cells cai 
thus strictly speaking be regarded as possessing an individual 
which persists through development. Described objectively the i 
ditions are simply as follows: the extreme posterior mesobla 
region contains large clear nuclei in process of active niultiplicat 
the nuclei that remain in this position retain their embryi 
character, while those which are given off anteriorly become ^mi 
and more chromatic (to describe simply the change in appeaiM 
and form the nuclei of the newly differentiating tissues. Col 
demarcations are in fact difficult or impossible to observe! 
early mesoderm of Arenicola\ the term mesenchyme is thd 
perhaps more accurate in that it does not imply a definite epiti 
arrangement of the cells — a condition which is never found in 
growing zone of this species. 

The undifferentiated portion of the mesoderm is of very lin 
extent (Plate 22 aod 23, Figs. 9, 10, 29—31); almost immediate! 
front of the teloblastic region the mesenchyme cells become arra 
to form the primitive septum bounding the newly forming soi 
while the cells applied to the body wall in the same region i 
fine muscle-fibrils in their interior — the precursors of the L 
tudinal muscles of the body-wall (Plate 23, Figs. 13, 14, 21, 
The limits of the somites are thus defined very early; when 
formed they are very short (Plate 22—24, Figs. 9, 10, 29, 32j; \ 
soon elongate, and attain the normal proportions a short dista 
in advance of the growing zone. 

The ectoderm and mesoderm of the growing zone thus a 
in the possession of large undifferentiated cells containing 1 
nucleolated nuclei, which form the posterior termination of 
growing region and represent the teloblastic or undifferenti 
embryonic region of the elongating embryo. The fact that the 
of this region are indefinite in number and arrangement — diffc 
markedly in this respect from the sharply individualized telob 
of C/ep5^7^6 (Whitman, 1887) and iwmfe/7cz^5 (Wilson, 1889) — n 
in any degree inconsistent with their being described as telobla 
Whether the terminal growing region is constituted of one eel 
of several cells seems indeed to be immaterial. The distin< 
characteristic of teloblastic growth is the presence of a tern 
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.diflferentiated growing region, which retains its embryonic character 
Tonghoat development and gives rise anteriorly to the diflferentiated 
ssaes of the developing organism; and on this criterion the develop- 
ent of both ectodermal and mesodermal structures in Areniccla is 
pically teloblastic. The entoderm on the other hand does not 
ppatently elongate by teloblastic growth and it does not, pro- 
erly speaking, exhibit a metameric structure in the same sense as 
o the ectoderm and mesoderm. Its thin-walled posterior portion is 
requently drawn out at the lijies of insertion of the primitive septa 
its represented in Plates 23 and 24, Figs. 10, 30—33), and in this 
lanner partakes of the early metamerism; but this apparent meta- 
lerism seems to be purely incidental and imposed upon the organ 
'om without, and therefore not inherent in its structure. It is 
lOteworthy that in other species that show teloblastic growth the 
ntestine never seems to develop teloblastically. This fact seems 
;o afford support to those authors (such as Hatschek, Mbyeb, 
Bergh, GooDRiCHJ who believe that metamerism in annulate ani- 
Qoals is primarily mesoblastic, and that the other metameric 
systems of organs have become implicated in a purely secondary 
aauner. 

The large mesodermal and ectodermal cells of the growing zone 
ire present, as above described, throughout the entire period of 
K)mite-formation. The ectodermal cells are evidently the lineal 
lescendents of the cells described by Child (1900) as derived from 
he division of the "stemcells", — i. e. of the two symmetrical 
ierivatives of the somatoblast (2^ of the second quartette of ecto- 
neres), which form the posterior portion of the somatic plate. 
These cells at the commencement of the concrescence of the somatic 
plate form "a transverse band of seven cells lying just anterior to 
:he paratroch and extending in the same direction with it. These 
5ell8 are large and thick and grow rapidly after division. It seems 
perfectly clear that we have here what is known as the 'growing 
dp*, i. e. that portion of the body just anterior to the paratroch, 
sv^hich continually gives rise to the new segments and leads to the 
elongation of the larva. The final results of concrescence will be 
Srst, to unite the ends of the paratroch, and then the ends of the 
second row of cells — the growing tip"* (p. 628). Child did not 
follow the concrescence to its completion; but from the position and 
relations of the large ectodermal cells of the larval growing region 
there can be no doubt that these are the direct descendents of the 

Mittlieilangen a. d. Zool. Station za Neapel. Bd. 17. ^^ 
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above band of cells (see Child, loc. eit., Pigs. 112, 113). The 
retain their large size throughout larval development, showing I 
change in character from the early larval stages (three sona 
until the completion of the definitive number of somites. 

The large terminal mesoblast cells of the larva are similari 
be regarded as the descendents of the two teloblasts of the a 
embryonic mesoderm (Child, loc. cit. p. 638). The embiyi 
mesoblast bands take up a ventrolateral position between 
entoderm and the ventral ectoderm of the posterior region (Pig. 1 
At this stage each band is terminated by a single large tel 
According to Child "visible diflferentiation in the descendi 
the mesoblasts is very slow. The cells retain their eml 
appearance till a late stage*' (p. 639). The original condition i 
each mesoblast band is terminated posteriorly by a single tel( 
cell does not apparently persist long, for in the larval si 
teloblastic region of the mesoblast always contains several 
embryonic nuclei, as above described, which exhibit no eoi 
number or arrangement. Their position, however, between 
posterior attachment of the intestine and the ventral ectoderm eoi 
ponds accurately with their position in later embryonic stages 
described by Child. Between the latest stages described by 1 
author and the earliest I have examined intervenes a period wl 
has not yet been studied with reference to the character of 
mesoblast. There can however be no doubt that examination wo 
disclose a direct continuity between the teloblasts of the la 
embryonic stages, and the posterior undifferentiated mesoderm ei 
of the larval growing zone. 



(b) Formation of the Somites. 

The first larval nephridium appears in somite IV and beco 
recogniziable soon after the formation of the early septum w 
separates this somite from the one immediately anterior to it. Yo 
larvae that have just terminated the swarming stage (e. g. Plate 
Fig. 8) thus generally exhibit this nephridium in the early sti 
of its formation in the mesoderm of the posterior region. Since 
of the nephridia arise in exactly the same manner, a descriptio: 
the changes taking place in the posterior mesoderm of such a h 
will apply to all of the early nephridial somites. The mesod< 
of the non-nephridial somites undergoes closely similar changes 
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the mesoblastic somites of the whole larval body being indeed 
oaed in an essentially unvarying manner. 

As the larva advances in development the nephridia of the more 
erior somites increase in size and undergo a more complete 
■^erentiation, at the same time as the others arise in the growing 
ion. Horizontal sections passing through the nephridial region 
Bueh larvae may in fortunate preparations show the entire series 
mephridia, from the early undiflferentiated rudiments of the region 

oining the growing zone, to the well-defined nephridia of the 
we anterior somites. Fig. 29, Plate 23 represents such a prepara- 
ci in the case of a larva of about eleven somites. On the right 
te the section passes slightly yentrad to the ventral hooked setae 
3 shows the larval nephridia from the first (in somite IV) to the 
rth (somite IX); the undifferentiated rudiment of the 7*^ (5*^ defini- 
^ nephridium) is just visible at the angle between the newly 
nning septum and the bodywalL In Figs. 16 to 22, inclusive 
late 23), have been represented cross sections of the successive 
^phridial somites and the post-mesodermal region of a larva in 
:iich somite IX is in process of formation. The different stages in 
B early development of a nephridium can thus be studied to 
vantage in single larvae of this and similar stages. The develop- 
ent of the nephridia is however so intimately bound up with that 

the somites that it will be necessary first of all to consider the 
ter process in detail. 

The first changes, preparatory to somite-formation, that take 
ice in the posterior undifferentiated mesodermal region consist in 
multiplication and subsequent rearrangement of the mesodermal 
Is, which at first are tightly packed together at the posterior angle 
tween the intestine and the body- wall (Plates 22 — 24, Figs, 7 — 10, 
— 33). The manner in which this rearrangement is accomplished 
ty be seen from the above drawings, especially the sagittal 
^tions (Plate 23, Figs. 10 and 31), and the horizontal sections 
ate 22, Fig. 9 and Plate 24, Fig. 32). The closely packed posterior 
soderm is here seen to be bounded anteriorly by a roughly defined 
nsverse partition whose cells are directly continuous with the 
jsenchyme cells lining the cavity of the more fully formed adjoin- 
f (somite VI, Fig. 9; somite VIII, Fig. 10). This partition, therefore, 
iresents the posterior wall of the somite next in front of the one 

process of formation, and defines the position of the future inter- 
dental septum, of which structure it in fact forms the anterior 

25* 
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lamella, as will be shown beyond. As the number of mesench; 
cells behind this partition increases — chiefly by the multiplica 
of the large polar nuclei — an irregular hollow space app 
between the cells in the neighborhood of the partition, and gradni 
enlarges, apparently in part by the absorption of fluid from 
adjoining coelomic cavities. The space so formed represents 
early coelomic cavity of the somite which is in process of formatii 
it becomes progressively better defined as growth proceeds, wl 
the layer of mesoblast forming its walls becomes irregularly appS 
to the surface of adjoining structures — anteriorly to the postal 
wall of the next somite in front, externally to the ectoderm of i 
body-wall, internally to the wall of the intestine and posterio**! 
the densely packed mesoderm of the growing region behind aJ 
partition formed by the apposition of these mesoblast cells dl 
posterior wall of the somite in front represents the earliest conii 
of the newly forming intersegmental septum, and thus defines i 
anterior boundary of the newly forming somite. The early sep 
thus consists essentially of the opposed walls of this incipient 801 
and of the somite in front. Its characteristics and relations to 
nephridia will shortly be considered in detail. 

The bilaterality of the early mesoderm is not very decidi 
pronounced. A ventral mesentery is apparently not formed in 
anterior region of the body and the coelomic cavities of the 
sides are therefore from the first continuous below the intesi 
Dorsally, however (Plate 23, Fig. 13), the right and left coeh 
cavities remain distinct, and the adjoining walls (which soon ass 
a membranous character) become applied to one another above 
intestine, forming a bilaminar membrane, whose lamellae are 
the conditions of their formation necessarily continuous vi^ith 
mesoderm covering the intestinal and body- walls, and with 
lamellae of the primitive septa. This membrane constitutes 
dorsal mesentery which persists throughout life and suspends 
intestine to the dorsal body-wall. 

Before considering in greater detail the characteristics ol 
primitive septa, the formation of the dorsal and ventral bl< 
vessels may be briefly described, since these structures appear 
early and apparently play an important part in the nutrition ol 
growing region. The dorsal blood-vessel is early formed as ia s 
between the opposed lamellae of the dorsal mesentery (Plat< 
Figs. 13, 20 and 21). It does not, however, appear to become 
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fined 80 soon as the ventral vessel, being possibly less necessary 

early stages than the latter, in which the blood flow is from 
fore backward towards the growing zone. This vessel, as will 

seen from Fig. 9, Plate 22, early appears as a well defined 
innel extending almost to the posterior extremity; it arises as a 
Lce between the intestinal wall and the mesoderm and soon be- 
aes enclosed on all sides by the extension of the mesoderm cells. 

walls are from the first continuous with the original septa, a fact 
significance, since the segmental blood-vessels arise in the septa 
1 in this manner acquire their characteristic relations to the 
phridia, as will be explained beyond. 

Mesoderm cells remain applied to the wall of this vessel, and 

development proceeds they acquire a voluminous and vacuolated 
pearance, and pigment or excretory granules become deposited in 
sir interior. These cells constitute the chloragogen cells; they 
^ thus in reality modified peritoneal cells, which throughout life 
ait the ventral blood-vessel and play an important part in the 
ocess of excretion (cf. Rosa 1903). They have in most larvae 
•eady assumed their excretory character in the third somite in 
►nt of the growing zone, and from this region they may be seen 

pass backwards by a gradual transition into the posterior un- 
fferentiated mesenchyme cells (Fig. 9). Their characteristics will be 
Qsidered in greater detail below. 

Dorsal and ventral blood-vessels soou acquire open communica- 
n with each other in the growing zone, thus completing the circu- 
ion and providing more fully for the nutrition of this region, 
le nature of this communication may be seen from Fig. 24, Plate 23, 
lich is a cross section through the posterior region of a larva of 
— 12 somites, passing through the region of the primitive septum 
tween somites XI and XU. Dorsal and ventral vessels are here 
en to be connected by a blood-sinus which completely surrounds 
3 intestine. A sinus of this nature is typically present in larvae 

this and later stages; it consists of a simple space between the 
;e8tinal wall and the mesoderm, and is situated usually at the 
lertion of the most posterior primitive septum, but frequently (see 
Ate 23, Fig. 30 and Plate 24, Fig. 32) at the membrane which separates 
3 posterior mesoderm from the space between proetodaeum and 
fcoderm in the post-mesodermal region. The sinus varies greatly 

its size and in the amount of blood that it contains and at times 
ems to become obliterated. Apparently it is formed as required 
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at the zone where least resistance is offered to the passage of I 
between the two vessels, and thus represents no sharply define 
persistent channel. The branching blood-sinus which in later 
envelopes the stomach-region seems to be formed in essentially 
same manner. 

The primitive septa are formed, as above described, by 
apposition of the adjoining walls of two successive mesobli 
somites. The walls of these early somites are, however, m 
formed of a regular epithelial layer of well-defined cells, but toi 
appearance consist of a continuous syncytial layer of protoplasm^ 
taining numerous nuclei (Plate 23, Figs. 13, 14, 23, 24), andc 
applied to the surface of adjoining structures. Each nucleiE 
for purposes of description be regarded as belonging to 
cell, but definite cell- walls, at this stage at least, are^ 
distinguishable. 

The structure of a septum at its earliest distinguishable! 
may be best seen in Figs. 9 and 10, Plate 22 and 23, and Fij 
Plate 23. At this period of its formation the septum forms an 
gular nucleated partition, separating the cavity of the newly-for 
somite from that of the somite next in advance. At this stag 
bilaminar structure can with certainty be discerned in it, an( 
constituent cells, which resemble in all respects the other mesod 
cells of this region, seem to be entirely undifferentiated and si 
to one another. As growth proceeds, however, the coelomic ca 
increase in size and in transverse diameter in the manner desc 
on page 374; the septa are thus subjected to a stretching pr* 
and increase rapidly in superficial extent, becoming at the 
time thinner and better defined. During this process the op 
faces of the cells of the two septal layers (which are now m 
distinguishable from each other) assume a more membranous chai 
becoming at the same time more deeply staining and apparen 
a denser consistency (Plate 24, Fig. 32). As the septum coni 
to extend it acquires more and more of the character of a 
membrane, and the nuclei of its constituent cells are moved fi 
and farther apart. Finally the septum acquires the appearan 
a thin, sharply defined, membranous partition extending acres 
body cavity, and to whose surface the original nuclei (each of ^ 
is still surrounded by a small quantity of undifferentiated protop 
are applied at infrequent intervals (Plates 22 — 24, Figs. 9, 29- 

At the junction of the septum with the body-wall and wit 
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jstinal blood-vessel the two closely applied lamellae are usu- 
ren to be slightly separated from each other where they pass 
mtinuity with the peritoneal membrane. In the larva repre- 

in section in Fig. 9 the interlamellar space is continued for 
ht distance outward from the lumen of the sub-intestinal 
ressel; this space represents in all probabilit}' the beginning 

segmental blood-vessel which later passes to the body-wall 
iverses the dorsal lip of the nephrostome. The septum is seen 
? figure (and also in Fig. 10, 29, 31, 33, Plates 23 and 24) 
ome continuous at its lateral margin with the lips of the 
stome. At its insertion into the body-wall its cells become 
lous with those lining the body-cavity. 

tie line along which the septum is inserted into the body-wall 
illy considered to mark the boundarj' between two successive 
s. This line occupies in Arenicola a constant and definite 
n with reference to the other segmental structures of the 
l)ing larva. During the formation of the mesoblastic somites 
[)dy-wall also undergoes a division into segmental regions, 
oetameric structure of the ectoderm is most conspicuously 
ed by the setae which appear at an early stage in the 
lis between the successive septa. The seta-sacs which give 

these structures appear laterally in the ectoderm in a position 
V behind the middle of the interseptal region (Fig. 32, Plate 24). 
entral ectoderm in the neighborhood of the nerve-cord also 
exhibits a metameric structure, becoming slightly thinner or 
cted at segmental intervals. The septa are inserted ventrally 
a transverse line passing immediately in front of the con- 
►n (Plate 23, Fig. 30). This line, therefore, if the above crite- 
F segmental limits is accepted, marks the boundarj^ between 
sive somites. Later in development, when the septum has 
eared as such, the position of the line of demarcation corres- 
closely with that of the nephrostome and its associated branch 
segmental blood-vessel — both of which structures, as already 

arise in intimate connection with the primitive intersegmental 

tie septum, when first formed, constitutes a complete partition 
n the body-cavities of adjacent somites. Soon after its forma- 
owever, it becomes incomplete dorsally, as already mentioned 
) , and for the remainder of its existence it is found only in 
Dtral portion of the body-cavity as an incomplete membranous 
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partition, extending from the ventral blood-vessel to the ven 
lateral body-wall. It usually becomes incomplete at the second cjip] 
third somite in advance of the growing region (Plates 22 and 
Figs. 8 — 10, 29, 30), apparently as a result of the thinning 
eventual disruption of its dorsal portions. The conditions tbAef 
lead to this result seem to depend in part upon the progres8iMre( 
increase in the transverse diameter of this region of the bodiBrnd 
associated, as above described, with an increase in the extent of tlllate 
body- wall. A further reference to Plate 23, Figs. 16 — 21, whwllayi 
represent sections through successive somites of a single larva, ill wii 
show that the increase in transverse diameter is dependent chilling 
upon the extension of the thin-walled dorsal and lateral regioir/l stai: 
the body-wall. It seems, therefore, probable, as above suggij^Iti 
that the septa first become incomplete in the dorsal region I 
in consequence of the undue stretching to which they are ttilBlpi 
subjected, which has caused here a thinning and eventually a ii| no 
ruption and disappearance of the septa. On the other hand, 
ventral portions persist for a very considerable period, and play 
important part in later development in connection with the nephrii 
and nephrostomial blood-vessels. 

(c) Formation of the Nephridia. 

I shall now proceed to a description of the histo gene tic pr( 
cesses by which the nephridia are diflferentiated out of the originallyl 
uniform somatopleuric layer of the mesoblast. In the region imme- 
diately adjoining the pole-cells this layer, as described above, is 
composed of a continuous nucleated protoplasm without cell-bcfw- 
daries and without visible differentiation; at a slightly more anteriot 
position, however, where the somatopleure passes into continuity 
with the newly forming septum, the differentiation of the longitudinal 
muscle-fibres of the body- wall is already in progress. These 
structures make their first appearance at a very early period, m 
that portion of the mesoblast which is in immediate contact with 
the ectoderm of the body-wall (Plate 23, Figs. 13, 14, 21, 24). The 
fibres first become visible in two ventro-lateral areas on either side 
of the ventral nerve-cord, which is just beginning its appearance 
(n.c.)] and at a slightly later period they appear also in two dorso- 
lateral areas on either side of the dorsal mesentery. Along the 
line of insertion of the dorsal setae muscle-fibres do not at first 
appear. 
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At the earliest appearance the fibres have in cross section the 
B>earance of a row of deeply-staining dots at the boundary between 
soderm and mesoderm (Plate 23, Figs. 13, 21 , 24). At a slightly 
;er stage (Figs. 15, 23) the dots have become larger and better 
fined, and have assumed the typical appearance of triangular 
sdge-shaped structures, which stain very deeply in the erythrosine 
1 project into the protoplasm of the mesoblast cells. In the ventro- 
aral region the mesoblast nuclei have become arranged in a single 
^r, and in cross section the mesoblast has assumed the appearance, 
ich is very typical for this stage, of a row of nucleated cells, 
i^parated by cell-walls, and containing in their interior deeply 
Lmng longitudinal muscle fibrils (Plate 23, Figs. 13, 15, 19, 23). 
Le evident that the longitudinal muscle-fibres are originally laid 
»Ti in the interior of these cells, which may therefore with pro- 
Bty be termed myoblast cells. The cells, however, it is to be 
-^d, present no constant and regular arrangement and are not 
a^rply defined from one another. At this stage the longitudinal 
Lscles are thus composed of fibrillae applied to the body- wall and 
^ered internally by a nucleated layer of undiflferentiated protoplasm 
rcoplasm). The condition recalls that which exists throughout 
^ in certain other species, particularly the Nematbelminthes. The 
:ii8verse muscles on the other hand are not visible until a much 
©r stage; they appear externally to the longitudinal muscles, and 
parently in relation to the inner layer of the ectodermal cells ^. 
we above myoblasts at all events have nothing to do with their 
rmation. 

Cross sections passing through the region immediately behind 
e early septum show the above-described appearances in a charac- 
ristic manner (Figs. 1 3, 15, 1 9, 23). Longitudinal sections (Plates 22 and 
►, Figs. 9, 10 and 31), passing through the ventro-lateral regions, show 
at the mesoblastic layer is thickest and best defined at the junction 
' septum and body-wall. It is in this region that the embryonic 
idiments of the nephridia (7^) first become distinguishable from the 
«t of the mesoblastic layer. It must be emphasized however, that 
lere is at first no setting aside of special nephridial cells ; nothing 
mparable to the septal nephroblasts or "funnel-cells" described by 



* Ed. Meter (1901) gives a summary of the evidence on this point, from 
ioh it would appear that an ectodermal origin is the rale , if not invariable, 
the circular body-musculature of annelids. 
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Vejdovsky, Wilson and Bergh and more recently by I 
(1902). The nephridia simply become gradually differentiat 
of an originally uniform and homogenous mesoblast which ii 
stages presents no definite cell-boundaries. The diflFerentiati 
the nephridium starts from the angle between septum and 
wall; but at first no visible differences exist between the ne 
blastic mesoderm and the adjoining myoblastic or septal mesoi 

The first signs of the appearance of the nephridium are?] 
usually at the second septum in advance of the growing i 
Young larvae of five somites thus as a rule exhibit the first k 
nephridium in the earliest stages of its formation. The Ion 
section represented in Fig. 9, Plate 22 shows the difi'en 
2^ nephridium in somite V. At this stage the rudimenta 
has the form of a somewhat triangular mass of protoplal 
tinuous anteriorly with the fourth -septum. Fig. 10, Plate 231 
a similar stage in the formation of the fourth nephridium; andFi 
similarly represents the rudiment of the sixth. The continuity 
the septum at the junction of the latter with the body-wall i; 
haps the most characteristic feature of the early nephridial rudi 

The histological differentiation of the nephridial cells ci 
studied to better advantage in transverse sections. In Pk 
Fig. 13, which represents a section through the fourth septal 
of a larva of 5 — 6 somites, the somatopleuric cells of the y 
lateral region are entirely alike, with nothing to distinguis 
future nephridial region from the other portions of the mm 
The protoplasm is homogenous and non-granular, the nucl 
similar to one another in size and appearance, and cell-wal 
indistinguishable. At this stage in fact no essential difference 
between the cells of this intersegmental region, and those 
intersegmental region of somites II and III, where no nephrid 
formed (Plate 23, Fig. 12). In Fig. 15, which represents a i 
through the beginning of somite VI in a larva of about eight S( 
one of the cells of the right side is distinguished from the 
by the presence of a small space, bordered by deeply st 
protoplasm, which has made its appearance in the immediat 
nity of the nucleus. This minute space is the first indication 
appearance of the nephridial lumen, which, it is of interest t( 
always seems to arise in the neighborhood of the nucleus. Ii 
respects the cell which shows this peculiarity is entirely aim 
the adjoining purely myoblastic cells, even to the posse 
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muscle-fibres in its interior. Fig. 23, Plate 23 shows a 
ilar condition. The nephridium is thus diflFerentiated out of a 
Bon of the original mesoblast which in its early stages possesses 

same properties and undergoes the same transformations as the 
er portions of the layer. 

At a slightly later stage the nephridial cells become more readily 
Knguishable from the adjoining purely myoblast cells. The lumen 
^<Mnes more distinct and the body of the differentiating organ in- 
Bses in size, apparently in part at the expense of the protoplasm 
•he adjoining mesoblast cells, which become visibly smaller. In 
»s section the nephridial rudiment is soon observed to be more 
Eminent than the adjoining myoblastic cells, and its boundaries 
iar better defined (Plate 23, Figs. 23 left, 19 left). Its proto- 
Kn becomes vacuolated and minute granules in many c^es begin 
ca.ake their appearance in its interior; the lumen becomes pro- 
^sively wider and better defined and the cilia become visible, 
"the section represented in Fig. 19 (3 somites from the growing 
e) the nephridium of the left side is somewhat more advanced 
i that of the right and is becoming sharply defined from the 
fining myoblast cells, which have perceptibly diminished in volume. 
Lhe next somite of the same larva (Fig. 18) the boundaries of the 
Iridium are quite definite, and flattened mesoblast cells are be- 
ting applied to its surface to form the outer peritoneal covering 
the organ. The nephridium in the somite next in advance 
5. 17) is still more highly differentiated; the lumen is more 
<?iou8 and the excretory granules are more numerous. At this 
ge the organ has the form of a simple tubule with an intracellular 
len opening anteriorly through the septum into the cavity of the 
oining somite. The progressive histological differentiation of 

early nephridia is well shown in the series of sections repre- 
ited in these drawings (Plate 23, Figs. 16—21). 

As the nephridium advances in development the myoblast cells 
.dually diminish in volume, while at the same time the muscle-fibrils 
their interior increase in size (Figs. 16 — 21). Eventually the un- 
erentiated protoplasm or sarcoplasm is reduced to a thin layer 
upying the interstices between the fibrils and containing here and 
re a flattened nucleus. In later stages (Plate 23, Figs. 25 — 28) 

muscle fibres become much more numerous and more closely set 
ether, and the sarcoplasm is reduced to an inconspicuous inter- 
illar matrix in which the fibres are imbedded. The innermost laver 
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of the sarcoplasm seems to become membranous and to contriboji 
the formation of the peritoneal lining of the body-cavity. | 

The nephridial rudiment can as a rule be distinguished be 
the septum has assumed a definite membranous structure (Plate 
Fig. 31). It is therefore difficult to decide whether or not 
nephridium is derived chiefly from one or other of the two lame 
of which the septum is composed, or from both. From all appeanm 
however, it seems clear that neither lamella is exclusively coucen 
in its formation but that both contribute in part; and that tie |i 
septal mesoblast also participates in the process. The protojil 
of the nephridial rudiment and that of the septal cells are st 
continous with one another; it is only later that the boum 
the two become sharply defined. The fact, however, th; 
very earliest appearance the nephridial lumen communieai 
the body-cavity of the preceding somite proves that the mei 
wall of this somite enters, in part at least, into the form: 
the early nephrostome. It cannot, however, be said that the nej 
stome is formed exclusively from the posterior wall of this so 
The early nephridial rudiment is in fact a continuous and undr 
.structure without regional delimitations, and it is not until 
later that the nephrostome becomes distinct from the glan 
portion of the organ. It is impossible, therefore, to say thai 
definite portion of the nephridium is derived from one somite 
another portion from another somite. It is even impossible in 
early stages to sharply define the limits of the mesoderm of si 
sive somites, since the differentiation of somites is itself a gr 
process, and the nephridial rudiment is already laid down 1 
the segmental limits are sharply defined. It is, however, true 
in its early undifferentiated condition the nephridium is conti 
with mesodermal tissue which later forms portions of two succ 
somites. The organ, however, is differentiated as a whole w 
strict reference to segmental limits. Even cell-limits, as al 
pointed out, are not sharply defined until the orgaa has al 
acquired many of its most distinctive characters. The whole 
early nephridium is, however, strictly mesoblastic and the ect( 
plays no part whatever in its formation. Later in developme: 
will be shown, the ectoderm apparently contributes to the forr 
of the terminal vesicle; but as originally laid down in early de 
ment the entire organ is strictly mesoblastic. 

The structure of the early nephridium, as present in the 
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h somite in advance of the growing zone, is shown in longitu- 

section in Fig. 11, Plate 23. The anterior end of the organ 
ds across the thin ectodermal region jnst behind the segmental 

and its lips are continuous with the remains of the primitive 
a (not shown in Fig. 11). The organ consists of a straight 
ttched tubule whose walls are composed of a continuous vaeuo- 
protoplasm containing excretory granules. An axial ciliated 

is present, which freely communicates with the body-cavity 
or to the septum by means of a minute opening through which 
lia project. Nuclei are present in the walls of the organ, 

as yet shows no division into well-defined cells. As yet the 
I does not communicate with the exterior, although the posterior 
nity of the organ is closely applied to the ectoderm and has 
enlly become continuous with the latter. Fig. 34, Plate 24 
3ent8 a tangential section through the ventro-lateral region 
Eirva of 13—14 somites, showing the two most anterior nephridia. 
nephridia are the 2°^ and 3'^ larval nephridia (2**^ provisional 
l^* definitive, of somites V and VI respectively), the first pair 
Tval nephridia having already disappeared. The nephridia 

increased in size considerably as compared with the stage 
jented in Fig. 1 1 , Plate 23 , but are otherwise essentially as 
bed above. The posterior fusion with the body wall is here 
i; the fusion takes place slightly behind and internally to the 
►f ventral hooked setae. The lumen is incomplete posteriorly, 
iorly the continuity of the nephrostomial border with the septum 
arly shown. 

it this period the nephridium is , in brief, a simple tubule with 
^llular lumen, of the kind frequently described in other larval 
lids (cf. Meyer, 1887 — 88, Lang, 1889). It is peculiar, however, 
ing anteriorly in open communication with the body-cavity. In 
>eculiarity it presents a distinct contrast to the pronephridia de- 
5d by Meyer and Lang, which are described as closed inter- 
f and as bearing a marked resemblance to the flame -cells of 
3llaria — a resemblance which has formed the basis of much 
•genetic speculation. The pronephridia of Areiiicola, however, 
SB a distinct coelomic aperture of the kind described, as I have 
ved with perfect clearness an indefinite number of times. The 
ior region of these organs in fact, together with a portion of 
-djoining septum, constitutes the primitive nephrostome, from 
itheadultnephrostome is directly derived, as will shortly be shown. 
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It is noteworthy that at the stage represented ki 
Plate 24 the two foremost pair of uephridia are in all re8peeli| 
although the anterior of the two later on completely 
and disappears, while the posterior continues its develop! 
forms the first definitive nephridium of the adult. The 
nephridium (in somite IV) has in most larvae already 
at this stage. The time of its disappearance is variable; ki 
larvae it has already disappeared at a stage of 9 — 10 sondi^j 
in others it may persist in a recognizable form until fifteei|| 
somites have been attained. The second larval nephridiu,! 
correspond to the first definitive nephridium of A. 
degenerates and disappears, but not until a considerably 1 

(d) Later Development of the Nephridium. 

The later development of the nephridium consists chieflj] 
an increase in size and an accompanying division into we 
cells with definite boundaries; (2) in a differentiation of the i 
region of the nephridium, and apparently also of a portion i 
adjoining septum, to form the nephrostome, and in the establu 
of characteristic relations with the blood-vessels; and (3) 
formation of the terminal vesicle. Each of these processes 
considered in order. 

Subdivision into Cells. 

In nephridia of the stage represented in Fig. 34, Plate M 
definite cell-boundaries are visible, although the protoplasm W. 
typical vacuolated structure and contains excretory granulei. < 
remains none the less continuous and undivided from end to< 
of the organ; its nuclei are small and as yet differ only sli^ 
from the neighboring mesodermal and ectodermal nuclei of the b( 
wall. The lumen retains this intracellular character for a consi 
able period. Fig. 25, Plate 23 represents a cross section of the 
nephridium (somite XI) of a more advanced larva than tha 
Fig. 34; the organ has increased considerably in size and its p 
plasm, together with the large nucleolated nuclei, shows the stru< 
characteristic of fully differentiated and functional excretory ( 
As yet however, cell-limits have not appeared and the lumen ren 
intracellular. Fig. 37, Plate 24 represents a longitudinal sectic 
the corresponding nephridium (somite XI) of a slightly more adva 
larva in which the organ is beginning to show a subdivision 
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A cross section of a similar nephridium is represented in 
', Plate 23. The cells are large and few in number, and 
I large nucleolated nuclei. At the narrower posterior region 
y nephridia of this stage the lumen may remain intracellular, 
though its anterior region may be intercellular and bounded 

or three distinct cells in cross section. As the cells increase 
>er, the entire lumen becomes intercellular. The distinction 
L the two forms of lumen seems thus purely artificial and a 
ms gradation can be traced. 

5 subdivision into cells takes place apparently in simple rela- 
the increased calibre of the lumen of the organ. Accordingly 
and, as growth proceeds, that the lumen becomes bordered 
ell-defined layer of cubical excretory cells whose number in 
action is in general directly proportional to the measure of 
jumference of the lumen. Figs. 27 and 28, Plate 23 show 
ive stages in the formation of this epithelium. Fig. 28 
nts a cross section through the body of a nephridium of almost 
ue stage as that of Fig. 42, Plate 25. Five cells are already 
in cross section, and their inner ends are beginning to pro- 
io the lumen in the manner characteristic of latter stages. 
S 46—54, Plate 25 and Fig. 6a, Plate 22 show still more 
jd nephridia with a greatly increased number of cells in cross 

ice the length of the nephridium in Arenicola is limited, never 
ttg that of the somite to which it belongs, the only way in 
t is possible to secure the necessary increase in the extent 
excretory surface is by an increase in the calibre of the 
Since each nucleus is in direct physiological relation to only 
d portion of the excretory protoplasm, the increase in calibre 
a corresponding increase in the number of cells in cross 
The cells retain an approximately uniform size (as may 
^ comparing the above figures), and increase in number 
itly by direct division) as the epithelium increases in extent. 
are never seen in the excretory epithelium; and it seems 
at the cells when they exceed a certain limit of size, undergo 
3 subdivision, preceded by an amitotic division of the nucleus, 
not directly observed the several stages of this process; the 
however, are frequently seen in an irregular or constricted 
nd subdivision probably simply represents the extreme of 
condition. The formation of a cell wall between the two 
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nuclei thus formed would complete the process. The structu 
the larval excretory cells varies but slightly at different stagei 
the adult nephridium the cells have become very nnmeroiw 
greatly compressed in a lateral direction, assuming a marked coloi 
structure; in consequence of this, apparently, the different re| 
of individual cells may present more marked differences from 
another than are found in the broad cubical cells of the Ii 
nephridium. In essential histological character, however, the la 
and adult cells seem to differ but slightly from each H 
{see p. 370). 

Nephrostome and its Associated Blood-Vessek 

In the formation of the nephrostome both the anterior 
the original nephridium and a portion of the adjoining septi 
part. From its earliest appearance, as above shown, the nep 
possesses an anterior opening into the body-cavity of the next* 
but at first the marginal region bordering this opening is i 
respect different from the remainder of the organ. When subfii 
into cells begins the cells of the anterior region at first en 
resemble the others in structure and appearance; as growth 
ceeds, however, subdivision progresses more rapidly in these 
than in those behind and as a result the more anteriorly sil 
cells become smaller and more cubical. At the same time the 
their distinctively excretory character and the protoplasm bei 
more homogeneous in appearance, while the vacuoles and exe 
granules disappear (Plates 24 and 25, Figs. 37, 39, 42). 

In Figs. 37 and 39 , a portion of the adjoining septum a] 
to be assuming the character of a cubical epithelium and tl 
be contributing to the extension of the dorsal lip of the funnel 
limits between septum and nephridium proper are in fact not s 
defined in early stages (Plate 24, Fig. 34); and until the f 
epithelium is definitely formed, it is impossible to say whe 
two become continuous. Its hinder part however is unquestii 
formed from the anterior cells of the nephridium proper (Figs. 3 
42), while its marginal cells, especially those of the dorsal lip 
to be formed in the region of the original septum. The closi 
tion of the dorsal lip to the septal structures, especially the 
vessels (a relation which persists throughout life), is thus exp 
The anterior portion of the nephridium becomes in this r 
composed of an epithelium of .small cubical ciliated cells (sh( 
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88 section in Plate 25, Figs. 43 and 44). The cilia of these cells 
5ome shorter and more numerous (compare Plate 24, Figs. 38, 39; 
ite 25, Figs. 42, 46 — 49), while at the same time the nuclei become 
aller and more rounded, and the nucleoli characteristic of the 
Jretory cells usually disappear. Eventually a well-defined funnel 
ion is formed whose cells are sharply distinct from the excretory 
3 behind (Figs. 46—49). 

During the earlier stages of the above transformation the inter- 
dental septum undergoes changes which lead to the formation 
lie segmental blood-vessel. The septum at the beginning of the 
od in question extends obliquely forward from the ventral region 
lie stomach (where it is continuous with the sub-intestinal blood- 
ed) to the ventral body- wall, forming a thin membrane which 
^nds laterally to a point slightly above the level of the early 
lirostome (Plate 25, Fig. 43). In its lateral portion its border 
^mes continuous with the lip of the early nephrostome, as above 
►bribed — the anterior face of the septum being directly continuous 

I the epithelium of the funnel — while the posterior lamella 
mea directly into the peritoneum covering the nephridium. Figs. 37 
•9, Plate 24 show the relations of septum and nephridium at the 
ly period of diflferentiation of the nephrostome before definite 
Dd-vessels have appeared. 

Each segmental blood-vessel appears in the septum (see Plate 25, 
• 43, in which portions of the original septum yet remain), origi- 
ly as a space between the two lamellae of the latter. The vessel 
pns its formation at the junction with the sub-intestinal blood- 
tflel (Plate 22, Fig. 9) and gradually extends outward to the body- 

II where it joins the lateral longitudinal vessel, also formed about 
B time. (The relations of the segmental vessel to the nephridium 
I in part shown in Plate 25, Figs. 42 — 44). Near its junction 
ii flie body- wall the main vessel gives otf a branch (the nephro- 
Bual vessel) which curves back and passes inward and backward 
ng the dorsal lip of the nephrostome between the funnel-epithe- 
m and the peritoneum, to the glandular portion of the nephridium 
Bg which it passes as the main nephridial vessel. The nephro- 
mial vessel is thus directly continuous with the segmental vessel 
I is formed in essentially the same manner as this latter, repre- 
tiDg in reality a space between the posterior septal lamella 
[nresented by the peritoneum) and the anterior lamella at the 
ion where the latter joins the funnel-epithelium with which it is 

■HiheUiuigen a. d. Zool. Station za Neapel. Bd. 17. 26 
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continuous. As the epithelium increases in extent the vessel acq 
its definitive position just external to the margin of the dorsal 

In this way are defined the limits of the future dorsal and ve 
lips, the former of which is distinguished by the presence oi 
blood-vessel which runs along its entire margin. At the i 
(future posterior) angle of the nephrostome the vessel passes on to 
body of the nephridium and gradually extends backvrards to t 
the nephridial Acssel. This vessel also represents a space betw 
the peritoneum and the nephridial epithelium, and is formed* 
simple continuation of the nephrostomial vessel. A slight peritoi 
fold extending along the length of the nephridium (Plate 23, Fipl 
26) marks in early stages the position of the future vessel, il 
more advanced nephridium represented in Fig. 27 the veaia 
become well-defined in the anterior part of the nephridium,! 
posteriorly it is still represented by the peritoneal fold. Latin 
vessel completes its backward extension and forms, as well bn 
the chief vascular supply of the glandular region and ten 
vesicle. 

It is impossible in this place to give a full account of the m 
in which all the blood-vessels of Aretiicola arise, and the 
brief account serves simply to explain the manner in whid 
characteristic relations arise between the segmental blood-vessi 
the nephrostome. We have seen that the nephrostomial blood- 
is formed as a portion of the system of septal blood-vessels; 
that its association with the funnel depends simply upon tk 
that this structure itself represents in large part simply a differei 
part of the septum i. 

Shortly after the appearance of the system of septal bloo 
sels the membranous portion of the septum disappears^, 
nephrostome then undergoes a change of position, its dorsal 
assuming the antero-posterior direction of the nephridial bloo 
sel, and the aperture consequently becoming directed ii 

1 For the vascular supply of the adult nephridium see Gamble & Ash' 
1900. Their Fig. 29 shows in a simple and clear manner the essential \ 
relations of the nephridia. The detailed distribution of the blood-ve 
A. cristata has been the subject of investigation at the Marine Bi' 
Laboratory, the results of which are not yet published. 

2 With the exception of a small portion extending from the anteri< 
of the nephrostome to the body-wall and bearing the extra-nepHridial 
the segmental vessel (see Plate 22, Fig, 6 a, cf. also Gamble & Ashwori 
Figs. 53—54). 
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Ae 25, Figs. 44, 46 — 49) as in the adult. The slip of transverse 
9de which binds the nephrostome down to the body-wall has already 
H)ared at the stage of Fig. 44, in a manner not satisfactorily 
Ettstood. The slip however is associated with the segmental 
^Tessel and is attached to the anterior border of the nephro- 
le near the point where the nephrostomial blood-vessel takes it 
The fact of its attachment to the dorsal lip at the anterior 

of the funnel becomes thus to some degree intelligible. 

The origin of the germ-cells, which arise in connection with 
early nephridial vessels, may be briefly referred to here. Mere 
kaon of the place and manner of origin of these cells will be 
client, since the spermatogenesis and ovigenesis of Arenicola have 
^ the subject of special investigation at Woods Hole by other 
fc^ors an account of whose work will it is hoped appear before long. 

The nephridial vessels in somites VII — X (2"^ to 5*^ nephridia) 

associated with the formation of the gonads. The early germ- 
ks in connection with each nephridium become distinguishable 
s after the appearance of the blood-vessel of the latter, and arise 
a proliferation of the peritoneal cells of its wall. They appear 
t on the anterior and first-formed portion of the vessel, i. e. in 

region immediately adjoining the posterior angle of the funnel, 

1 at their first appearance (Plate '23, Fig. 27) have the form of 
lewhat enlarged vesicular nuclei surrounded by a small quantity 
protoplasm and otherwise differing but slighty from the unaltered 
itoneal cells. As growth proceeds the germ-cells increase in 
nber and in size and acquire a very characteristic appearance 
ite 25 , Fig. 56). The nucleus becomes greatly enlarged and is. 
Rounded by a well-defined protoplasm of homogeneous appearance 
f. 56 represents the appearance of these cells (oO-or spermatogonia) 

the second nephridium of a larva of a well-advanced stage. 
D large vesicular nuclei, whose chromatin is arranged in scattered 
mps closely applied to the nuclear membrane, already bear a 
Be resemblance to the nuclei of the large oogonia or spermato- 
lia of the adult gonad. The germ-cells usually appear on their 
pective nephridia in the order of the formation of these organs, 
5. in order from before back. I have never found them in con- 
;tion with the first or last pair of nephridia, which typically do 
; bear gonads in the adult. 

The later development of the nephrostome consists essentially in 
I extension of its epithelial surface, and in the completion of the 

26* 
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characteristic relations of this epithelium to the blood-?ei 
explained above, the formation of the series of dorsal va 
cesses, and also of the vesicle of the ventral lip, is in all ] 
primarily dependent npon the increase in epithelial snrfaea II 
not however been able directly to study the early eonditioiif^ 
characteristic structures, which do not arise until a latei 
development and have not yet begun their appearance inlo^ 
advanced larvae at my disposal. 

Terminal Vesicle.'^ K^l 

The terminal vesicle — as might have been expected \ 
similarity of its adult structure to that of the glandular 
is formed as a differentiation of the most posterior portion 
primitive nephridium. There is no ectodermal invaginati 
from the resemblance in structure between the two regions itf 
appear a priori probable that the vesicle, like the tubular] 
of the nephridium , is chiefly if not entirely of mesoblastie ( 
A complete fusion, however, takes place at an early stage 
the ectoderm and the posterior end of the nephridium, and] 
from this region of fusion, in which the limits of ectoden 
mesoderm become indistinguishable, that the vesicle is differenti| 
In all probability, therefore, its distal portion is derived 
region which originally was of ectoblastic origin; it seems ho 
impossible to decide the extent to which each germ-layer has i 
part in its formation. In point of fact the vesicle is differ 
as a whole, without regard to limits of germ-layers, from iki^ 
treme posterior region where the nephridium and the ec 
become indistinguishably fused (see Plates 24 and 25, Figs.l| 
37—42). 

Fig. 34, Plate 24 represents the early nephridia of somites V i 
VI in a larva of 1 4 somites. The nephridium is fused with the e( 
derm slightly behind and internal to the ventral hooked setae a 
point where the nephropore afterwards opens. At the point 
fusion, ectoderm and mesoderm appear simply to become continTi 
with each other without any visible line of demarcation. The ] 
tion of the nephridium immediately adjoining the fusion rem; 
similar to the rest of the organ until a relatively late si 
(cf. Plates 24 and 25, Figs. 37 — 42). Fig. 40 represents a cross sec 
through the posterior portion of the first nephridium of a larvs 
the full number of somites and a length of about 1,75 mm. ' 
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of this region is vacolated and contains numerous coarse deeply- 
ng granules, which are also present in the adjoining ectoderm; 

sharply defined terminal vesicle is as yet present. In the 
idium represented in Fig. 42 (2^^ nephridium of a somewhat 
Btdvanced larva) the conditions are essentially similar. 

1. Plate 25, Fig. 45, a representation of a cross section of a still 
advanced stage, the earliest condition of the vesicle is seen, 
irminal section of the nephridium has become dilated and has 
ed thinner walls which however in all other respects are similar 
»8e of the glandular regions proper. The strand of muscle- 
'which extends over the nephridium at the junction of the thick- 

1 glandular region represents a portion of the original longitu- 
muscle-layer (which has already become associated with the 

lal region at the stage of Fig. 40). These muscle-fibres con- 
5 the entire early musculature of the organ; later an extensive 
>rk of muscle-fibres is formed over the entire surface of the 
le. 

Figs. 52 — 55, Plate 25 represent a later condition of the vesicle, 
i has become much enlarged, and well defined with reference 
J adjoining glandular region. The most striking characteristic 
5 vesicle in this larva was the presence of the large intensely 
ng granules, both in the wall of the vesicle and in the neighboring 
3rm (see Fig. 51). The presence of granules in the ectoderm 
8 region is a common phenomenon, and is somewhat difficult 
ierstand. Possibly the granules in the preparation represent 

of fluid excretory matters which find their way between the 

srmal cells and collect there. No external opening at this 

can as a rule be detected, and the contractions of the vesicle 

possibly force the excretory matters into the intercellular spaces 

J ectoderm. 

•"ig. 6a, Plate 22 represents the vesicle at a later stage in a 
ided condition, showing the thin walls composed of flattened 

In larvae of this stage the contractions of the vesicle may 
y be observed through the transparent body-walls. In later 
)pment the number of epithelial cells increases greatly and 
ells themselves become columnar (see above p. 370). The 
ilature of the wall also undergoes a great extension. 
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Explanation of Plates 22 — 25. 



le figures of microscopic structure were drawn with the aid of the 
da under Zeiss objectives; Figs. 35 and 36 with 8 mm. obj., Oc. 6; 
1 2 mm. apochromat., Oc. 1 ; Figs. 7, 8 and 29 with 2 mm. apochrom. 
the remainder with 2 mm. apochromat. Oc. 4. Finer details were 
wn in with Oc. 6. 



Beference Letters. 

e number of the somite is indicated by a Roman numeral, 
nephridium is designated by the letter n with an exponent to indi- 
iiber in the larval stage, thus: n2 = 2nd larval nephridium tnephri- 
nite V) etc. The position of the septum is indicated by the numbers 
tes which it separates, thus: 5 — 6 = 5^^ septum. 



rail. 

ogen cells. 

u-intestinal blood-sinus. 

liar muscle-fibres. 

and second diaphragms. 

il blood-vessel. 

setae. 

A seta- sacs. 

3lium of dorsal lip of nephro- 

lerm of growing zone, 
jlium of ventral lip of nephro- 

jtory epithelium of nephri- 

:ory granules. 

ells. 

rmal gland-cells. 

indular region of nephri- 

im. 

g zone. 

e. 

^mental septum. 

e or excretophore. 

il blood-vessel. 

itudinal muscle-fibres. 

ist cells. 

ichyme cells. 

Dderm pole-nucleus. 

lar slip attached to dorsal 

nepbrostome. 



7n.t.v Muscle-fibres of terminal vesicle. 

m.r.l Membranous wall of vesicle of 
ventral lip of nepbrostome.' 

n.b.v Nephridial blood-vessel. 

7ist.ep Epithelium of nephrostome. 

nstr Nephrostomial blood-vessel. 

oes Oesophagus. 

pb Proboscis. 

pd Proctodaeum. 

p.d.l Ciliated processes of dorsal lip 
of nephrostome. 

p.m Post-mesodermal region of poste- 
rior extremity. 

p7i Peritoneum. 

pn. f Peritoneal fold forming nephridial 
blood-vessel. 

prost Prostomium. 

5 Septum. 

sb Seta-forming ectodermal cell fseti- 
blast*). 

s.Lv Segmental blood-vessel. 

s.oe.g Supra-oesophageal ganglion. 

st Stomach. 

t.vi.f TransyeTse muscle-fibres. 

i.r Terminal vesicle. 

v.b.v Ventral or sub-intestinal blood- 
vessel. 

r.h.w Ventral body-wall. 

r.s Ventral seta. 

v.if.s Ventral seta-sac. 

r.r.i Vesicle of ventral lip of nephro- 
stome. 
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Plate 22. Arenicola cristata* 

Fig. 1. Portions of three successive adult nephridia, showing geoe 
ance after exposure by removal of transverse muscles. X 

Fig. 2. First adult nephridium of left side, with nephrostome turn 
and spread open so as to show structure of dorsal and vi 
X 7. 

Fig. 3. Second adult nephridium of left side, seen in its natural pc 
above; showing nephrostome, with slip of transverse muse! 
to the anterior border of its dorsal lip; also position ofne] 
blood-vessel and gonad. X 5. 

Fig. 4. Fourth nephridium of left side with nephrostome freed froii 
ment and turned outward so as to show the outer poi 
ventral lip. X 5. 

Fig. 5. Portion of transverse section of wall of glandular portioi 
dium. Explanation in the text. X 8^^- 

Fig. 6. Portion of transverse section of epithelial wall of the vesi< 
lip of nephrostome, showing the abrupt transition to the 
portion of the same. X 800. 

Fig. 6a. Longitudinal section of first nephridium of a larva of 5- 
tangentially to body-wall, showing terminal vesicle, mei 
necting nephrostome to body-wall, and nephridial blood- 
structure of the excretory cells. Section passes below 
stome. X 800. 

Fig. 7. Sagittal section through a larva of the swarming stag 
in process of formation), showing general characteristics 
this stage. Nerve cord differentiated in ventral ecto 
incomplete dorsally; early lumen of stomach indicated; 
the extreme posterior region in process of differentiation 

Fig. 8. Sagittal section through larva at beginning of crawling s 
VI in process of formation), showing early septa, growii 
early proctodaeum. Absorption of yolk has progressed 
since stage of Fig. 7. X 800. 

Fig. 9. Horizontal section through posterior region of larva in whi 
is in process of formation, showing early diflferentiation o 
structures, septa, ventral blood-vessel, chloragogen cell 
X 800. 

Plate 23. Arenicola cristata. 

Fig. 10." Oblique section through posterior region of larva in whi< 
is in process of formation, showing large posterior mesol 
growing zone, early septa, early nephridial rudiments 
blood-vessel. X 800. 

Fig. 11. Longitudinal section through body-wall of a larva in whiel 
is in process of formation, showing early pronephridia o 
and 5. Goblet-cells in ectoderm also shown. X 800. 

Fig. 12. Cross section through ventral portion of intersegmental 
of a larva in which somite VII is just appearing, showing la 
cells all similar to one another in appearance. X 800. 
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Cross section through intersegmental region 5 — 6 of a larva in which 
somite VII is in process of formation, showing disposition and histological 
structure of mesoblast in region of differentiating 6*^^ septum. Longi- 
tudinal muscle-fibres appearing. X ^00. 

Transverse section through growing zone of a larva in which somite 
VI is in process of formation. Section passes somewhat obliquely for- 
wards from above down. Dorsally the undifferentiated mesoblast is 
shown; ventral ly the region of formation of early b^^ septum and 
longitudinal muscle-fibres. Ectodermal cells large and well defined 
with large nuclei. X 8^t). 

Cross section through intersegmental region 5—6 in a larva in which 
somite VII is just appearing; showing on the right side the commencing 
differentiation of the third larval nephridium (somite VI); lumen just 
appearing in cells otherwise similar to the adjoining myoblast cells. 
Ectoderm cells well defined. On left side is shown early condition 
of dorsal and ventral seta-sacs. X 800. 

Cross section through anterior of somite IV of a larva in which somite IX 
is just appearing, l^t provisional nephridium shown in cross section. 
Myoblast cells reduced. X 800. 

Similar cross section through somite V of the same larva. X 800. 
Similar cross section through somite VI of same larva. X 800. 
Similar cross section through somite VII of same larva. On left side 
nephridium further advanced than on right. Muscle-fibres less developed 
than in preceding somites, and myoblast cells larger. X 800. 
Similar cross-section through somite VIII of the same larva. On the 
left the section passes more anteriorly than on right and there shows 
intersegmental region 7 — 8 with myoblasts. Nephridal cell not yet 
distinguishable from the others. Shows also early seta-sacs which still 
retain connection with the ectoderm and to which flattened mesoderm 
cells are applied. Muscle-fibres less developed than in preceding 
somite. X ^00. 

Section through region of formation of somite IX of the same larva 
Ventrally the section passes through rejjion of formation of Stt septum; 
dorsally through the anterior border of the pigmented post-mesodermal 
region. Large well-defined cells of the ectodermal growing zone. 
Longitudinal muscle-fibres just making their appearance. X 800. 
Cross section through post-mesodermal region of same larva, showing 
small, pigmented, vacuolated, radially arranged ectoderm cells with 
their small deeply staining nuclei. A few flattened mesoderm cells 
applied to body-wall and proctodaeum. Strong cilia on ventral wall 
of proctodaeum. X 800. 

Cross section through anterior region of somite XI of a larva in which 
somite XII is in process of formation; showing commencing differentia- 
tion of bth larval nephridium (Ot^i definitive). Nephridium somewhat 
more advanced in development on the left side. Myoblast cells well 
defined but apparently undergoing reduction. Large embryonic nuclei 
in ectoderm; smaller nuclei in the ventral region have the characters 
of tissue nuclei, and are probably connected with the differentiating 
nerve-cord. X 800. 
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Fig. 24. Cro3s section through intersegmental region 11 — 12 of a larva ii 
somite XII is appearing; showing early mesoblast; intestine sun 
• by blood-sinus continous with dorsal and ventral blood-vesseh 
well-defined ectoderm cells of the growing zone. Differentia 
the ventral nerve-cord is in progress, and smaller, more deeply i 
nuclei are seen in its vicinity. X 800. 

Fig. 25. Cross section through nephridium and adjacent body-wall of soi 
of a larva of ca. 1.5 mm. length and ca. 45 somites. Nephrldi 
definitive of right side) still apparently one cell in cross fi 
showing also a peritoneal fold running along nephridium from 
in a position corresponding to the later nephridial blood 
Nucleus large and nucleolated. Protoplasm vacuolated and cor 
granules; stains more deeply at border of lumen. Cross-ci 
visible in lumen. X 800. 

Fig. 26. Cross section through nephridium and adjacent body- wall of som 
of a larva of a later stage than that of Fig. 25 (ca. 1.6 mm. 
somites). Nephridium (3rd definitive of left side) has become 
into cells and lumen has become intercellular; 3 cells present 
section at this region. Histological characteristics of cells sam 
Fig. 25. A similar membrane occupies position of future nej 
blood-vessel. 

Fig. 27. Cross section through nephridium and adjacent body- wall of som 
(3rd definitive nephridium, left side) of a more advanced lar\ 
that of Fig. 26 (ca. 2,0 mm.; full number somites); section pasj 
behind nephrostome and shows nephridial blood-vessel with a 
germ cell applied to it. X 800. 

Fig. 28. Similar cross section through middle region of Is* definitive 
dium (somite YI) of right side of a larva of later stage than 
Fig. 27 (2.5 mm.; full number somites). Nephridium 5 cells ii 
section; histological structure as above. Nephridial blood 
present in anterior portion of nephridium. X 800. 

Fig. 29. Horizontal section through posterior body-region of a larva in 
somite XI is being formed. Section passes along level of ne 
and ventral setae, and shows the entire series of early nej 
X400. 

Fig. 30. Sagittal section through posterior body-region of a larva in 
somite XI is being formed. Shows early septa, intestine, nerv 
Septa in advance of somite VIII are dorsally incomplete. Shov 
large terminal mesoblast-nucleus. X 800. 

Fig. 31. Longitudinal section through early region of formation of nep 
in a larva in which somite XI is just appearing; showing earl^ 
and associated nephridial rudiments of the 6*1^ and 7*1^ larval i 
dia (somites IX and X). Pole-nucleus of mesoderm and mitosis 
differentiated mesoderm cells also seen. Also the large ecto( 
nuclei of the growing zone. X 800. 

Plate 24. Arenieola cristata. 

Fig. 32. Nearly horizontal section through the posterior region of a la 
which somite XVI is in process of formation. The ectodermal gi 
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zone, and the differentiation of the seta-sacs and early septa are 
shown. The proctodaeal cilia in the post-mesodermal region are 
shown ; also the mesodermal nuclei applied to the proctodaeum and 
body-wall of this region. X 800. 

33. Horizontal section through the posterior achaetous region of a more 
advanced larva (ca. 1.4 mm. length ; ca. 45 somites) showing the growing 
zone, and formation of early septa of this region. Post-mesodermal 
region sharply defined; a valve separating proctodaeum and rectum; 
circular muscle-fibres applied to body-wall and anal region in this 
region. X 800. 

34. Part of a horizontal section of a larva in which somite XIV is appearing. 
Section passes tangentially to median ventral region a little to left 
of nerve- cord. Shows early nephridia of somites V and VI (2nd provi- 
sional and iBt definitive nephridia), and their relations to septa, ventral 
hooked setae and body-wall. X 800. 

35. Sagittal section of a larva in which somite VIII is forming; showing 
early septa, incomplete dorsally. First septum distinctly separate 
from retractor muscle of proboscis. Diaphragms have not yet appea- 
red. X 300. 

36. Sagittal section of a larvisi in which somite XIV is forming; showing 
the series of septa and early stage of 2nd diaphragm. Remains of 
3rd primitive septum seen stretching from insertion of diaphragm to 
anterior region of stomach. X 300. 

37. Horizontal section of left nephridium of somite VI (l^* definitive) in 
larva of ca. 2 mm. and 50 somites, showing early condition of nephro- 
stome, and its continuity with the septum. X 800. 

38. Portion of a horizontal section through a more advanced larva than 
the preceding (J. 5 mm. long; 50+ somites); showing nephridium of 
somite IX (fourth definitive), nerve-cord, and body-wall, cut tangentially. 
Posteriorly the nephridium is fused with the ectoderm; no terminal 
vesicle is as yet differentiated. Continuity of the nephrostomial lip 
with the primitive septum, and connection of the latter with the ventral 
blood-vessel, are visible. The smaller cells at the anterior end oi 
the nephridium form the early nephrostomial epithelium. X 800. 

39. Sagittal section through nephridium and adjoining body-wall of so- 
mite VI (Ist definitive nephridium) of a larva of about same stage as 
last (ca. 45 somites; ca. 1.7 mm. long). Showing continuity of septum 
with dorsal lip of early nephrostome. The most anterior cells of the 
nephriilium are small and cubical; closely crowded nuclei in the por- 
tion of the septum immediately continuous with the dorsal lip prob- 
ably indicate a stage in the transformation of this portion of the 
septum into funnel-cells. No differentiated terminal vesicle as yet. 
Nephridial blood-vessel not yet formed. X 800. 

40. Cross section through posterior extremity of !»"* nephridium (somite VI) 
of a larva of a more advanced stage than that ot Fig. '^8 (ca. 2.25 mm.; 
full number of somites), showing the posterior continuity of nephridium 
and ectoderm and the presence of excretory granules in the latter. 
No differentiated terminal vesicle as yot. The terminal region is 
overarched by a band of muscle-fibres continuous with the longitudinal 
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fibres of the body-wall. These repreBcnt the first appearance of the 
musculature of the terminal vesicle (compare Figs. 45, 53, 55). X 80(). 
Fig. 4 1 . Horizontal section through ventral region of somites VII and VIII of a more 
advanced larva (ca. 3 mm. ; full number of somites), showing the origin 
of the segmental vessels from the ventral blood-vessel, and the rela- 
tions of one of the vessels to the 2nd nephridium of the right side. 
X200. 

Plate 25. Arenicola cristata. 

Fig. 42. Longitudinal section through the left nephridium of somite VII (2nd de- 
finitive nephridium) and adjacent body-wall of the larva of Fig. 41. 
showing (1) a portion of the nephridial blood-vessel to which is 
applied a large germ-nucleus; (2) the posterior junction of the nephridiDoi 
with the ectoderm (corresponding to the early undifferentiated terminal 
vesicle); and (3) the cubical cells of the early nephrostome with Mr 
shorter cilia. The lumen has extended throughout the entire length 
of the organ and seems to communicate with the exterior; the extsMl 
opening, however, is very minute. X 800. 

Fig. 43. Cross section through the anterior end of the first left definitive 
nephridium (somite VI) of a larva of about the same stage as Fig. 42. 
showing the early condition of the septal blood-vessels of this somite, 
and their relations to the nephridia and to the body-wall. Portions 
of the primitive septum still remain. X 800. 

Fig. 44. Longitudinal section through the anterior part of the 4tii nephridiui 
(somite IX) of a larva of a somewhat more advanced stage than Fig. 
(length ca. 3 mm.). The nephrostome is turned somewhat inward and 
has been cut in such a way as to show its epithelium in cross section; 
the figure shows also its relations to the nephrostomial blood-vessel, 
which runs across its dorsal lip and is in close relation to the trans- 
verse band of muscle (t m. /".), which is also attached to this lip and 
binds it down to the ventral body-wall. A portion of the primitive 
septitm in which the blood-vessel appears is seen at s. X 800. 

Fig. 45. Cross section through the posterior end of the l^t nephridium (somite 
VI) of a larva in which the terminal vesicle is beginning to differen- 
tiate (length ca. 3.5 mm; full no. of somites). The terminal portion 
adjoining the ectoderm is thin walled and somewhat dilated. A band 
of muscle-fibre (derived from the longitudinal layer of the body-wall; 
extends across the terminal vesicle at its junction with the glandular 
region proper. Granules in the ectoderm near the terminal vesicle. 
X 800. 

Figs. 46-50. These figures represent successive transverse sections, 7.5 fx thick, 
through the nephrostome and anterior glandular portion of the first 
nephridium (somite VI) of a larva of ca. 4 mm. in length. The nephro- 
stome has become well-defined and is composed of a single layer of 
small cubical ciliated cells; along its dorsal lip runs the nephrostomial 
blood-vessel. The continuity of this vessel with the nephridial vessel 
is shown. The relation of the segmental blood-vessel to the trans- 
verse muscle-band attached to the dorsal lip is also shown. I, 
vacuolated wandering cells (excretophores?). X 800. 
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^8. 51-54. These figures similarly represent four saccessive sections of the 
terminal vesicle of the same nephridium. Large deeply staining gra- 
nules are present in the walls of the vesicle, and in the adjacent 
ectoderm of the body-wall. X 800. 

g. 55. Cross section of the terminal vesicle and adjacent glandular region 
of the 2nd nephridium of the left side (somite VII) of the same larva. 
The flattened cells of the vesicle with their contained excretory gra- 
nules are shown. Also the early muscle-band crossing the vesicle at 
its junction with the glandular region. X 800. 

g, 56. Cross section through the anterior region of the nephridium of Fig. 55, 
immediately behind the funnel, showing the nephridial blood-vessel, 
with well-defined germ-cells (rudimentary ovary or testis) applied to 
it. X 800. 
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